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Abstract 
The Scanian Economic-Demographic Database (SEDD) has been assembled by the Centre for Economic 
Demography (CED), Lund University. It contains information about the demographic and economic 
conditions of people that have lived in 5 parishes in Scania from the 17th century until the present. The 
SEDD database has been integrated with geographic data, which are digitized from four independent 
historical maps. To visualize and analyze these data, a GIS based web mapping application called SEDD 
Map has been developed and tested. 
The previous version of SEDD Map is constructed using Silverlight. As a result, it only can be used on 
computers which have installed the Silverlight plugin. As Hypertext Markup Languages (HTML) 
continue to develop, a recent version, HTML5, was published in 2012. It aims to support the latest 
multimedia formats and reduce the need for plugins. In this study, we use HTML5, Cascading Style 
Sheets (CSS3), JavaScript and the ArcGIS API for JavaScript to create a new version of SEDD Map to 
visualize data stored in the SEDD database. 
Before we constructed the new version of SEDD Map, a set of web mapping applications and programs 
were evaluated by the requirements which were needed to create the new version of SEDD Map. From 
this evaluation and comparison, we found that SEDD Map could be improved in many area, such as 
improving the animation of historical geographic data. 
Animation is a useful tool when presenting historical data. The geographic data in SEDD Map are taken 
from four independent historical maps. To visualize geographic data as an animation, we need to create 
a time sense sequential dataset, which is done in a parallel project. In this study, we evaluate techniques 
for data animation. We used linear interpolation and the four historical maps as start years and end years 
to simulate 159 maps to visualize the geographic data as animations. The conclusions are as follows: 
1) The commonly used web mapping applications for investigating demographic data contain 
functions, such as interactive visualization, statistical graphics, basic map tools, animations, etc. 
2) HTML5 can replace (and improve) the used of Silverlight for web mapping. 
3) Animations can be generated (filling in what is missing is to improve the data sets). 
 
 
Keywords: web mapping, HTML5, animation, ArcGIS for Server, demographic map
  
Acknowledgements 
I would like to express my gratitude to my supervisor Lars Harrie for the useful comments, remarks 
through the working process of this master thesis. Furthermore I would like to thank Finn Hedefalk for 
introducing me to the topic as well as for the support on the way. Also, I would like to thank my parents 
and all my family members for encouraging me all the time and supporting me during my study life in 
Lund University. Finally, I would like to thank all the staff at the GIS Centre for giving me help when 
I needed it and for providing me with a good working area. 
 
  
 
 
 
 
 
 
i 
 
Table of Contents 
 
1 INTRODUCTION ......................................................................................................................................... 1 
1.1 BACKGROUND ......................................................................................................................................... 1 
1.2 PROBLEM STATEMENTS ........................................................................................................................... 3 
1.3 OBJECTIVES ............................................................................................................................................. 3 
1.4 METHODOLOGY ....................................................................................................................................... 4 
1.5 REPORT STRUCTURE ............................................................................................................................... 5 
2 SEDD MAP .................................................................................................................................................... 7 
2.1 INTRODUCTION ........................................................................................................................................ 7 
2.2 DATA ....................................................................................................................................................... 9 
3 VISUALIZATION STUDIES OF WEB MAPPING FOR SPATIO-TEMPORAL DATA .................. 11 
3.1 REQUIREMENTS FOR THE WEB MAPPING APPLICATION .......................................................................... 11 
3.2 GIS BASED WEB MAPPING PROGRAMS ................................................................................................... 13 
3.2.1 NComVA Geovisual Analytics Visualization ........................................................................... 13 
3.3 GIS BASED WEB MAPPING APPLICATIONS .............................................................................................. 19 
3.3.1 Social Explorer ........................................................................................................................ 19 
3.3.2 China Geo-Explorer ................................................................................................................ 22 
3.3.3 DigDag .................................................................................................................................... 25 
3.4 SUMMARY ............................................................................................................................................. 27 
4 WEB MAPPING APPLICATION ARCHITECTURE ........................................................................... 31 
4.1 INTRODUCTION ...................................................................................................................................... 31 
4.2 CLIENT SIDE .......................................................................................................................................... 33 
4.3 WEB SERVER AND APPLICATION SERVER ............................................................................................. 34 
4.4 MAP SERVER ......................................................................................................................................... 35 
4.5 MAP DATA SERVER ............................................................................................................................... 35 
5 HTML5, JAVASCRIPT & CSS3 ............................................................................................................... 37 
5.1 HTML INTRODUCTION .......................................................................................................................... 37 
5.1.1 HTML5 .................................................................................................................................... 38 
5.1.2 Canvas Element ....................................................................................................................... 39 
5.2 JAVASCRIPT .......................................................................................................................................... 41 
5.2.1 Dojo Toolkit ............................................................................................................................. 42 
5.3 CSS ....................................................................................................................................................... 43 
5.3.1 CSS3 ........................................................................................................................................ 43 
6 ARCGIS FOR SERVER ............................................................................................................................. 45 
6.1 INTRODUCTION ...................................................................................................................................... 45 
6.2 ARCGIS WEB MAPPING APIS ............................................................................................................... 51 
6.3 ARCGIS API FOR JAVASCRIPT .............................................................................................................. 52 
6.4 ARCGIS VISUALIZATION USING A TIME-AWARE LAYER ......................................................................... 54 
ii 
 
7 CASE STUDY ............................................................................................................................................. 55 
7.1 AIM ....................................................................................................................................................... 55 
7.2 STUDY AREA ......................................................................................................................................... 55 
7.3 DATA ..................................................................................................................................................... 56 
7.4 METHOD ................................................................................................................................................ 57 
7.5 IMPLEMENTATION ................................................................................................................................. 63 
7.5.1 Development of the web mapping application ......................................................................... 63 
7.5.2 Animation................................................................................................................................. 66 
7.6 RESULTS ................................................................................................................................................ 69 
7.6.1 Evaluate against the requirements........................................................................................... 70 
7.6.2 Comparisons between the SEDD Map previous version and the new version ........................ 73 
8 DISCUSSIONS ............................................................................................................................................ 75 
8.1 WEB MAPPING WITH HTML5 ................................................................................................................ 75 
8.2 ANIMATION ........................................................................................................................................... 76 
8.3 FUTURE ................................................................................................................................................. 80 
9 CONCLUSIONS ......................................................................................................................................... 81 
REFERENCES ..................................................................................................................................................... 83 
APPENDIX ........................................................................................................................................................... 91 
APPENDIX A - CSS FILE OF THE NEW VERSION OF SEDD MAP ...................................................................... 93 
APPENDIX B - HTML FILE OF THE NEW VERSION OF SEDD MAP .................................................................. 99 
 
 
 
 
 
 
 
 
 
 
 
 
iii 
 
List of Figures 
Figure 1.1. Report structure of the thesis. ............................................................................................... 6 
Figure 2.1. SEDD Map application (previous version). .......................................................................... 7 
Figure 2.2. Chart tool shows the statistical information about population during 1750 to 1915. ........... 8 
Figure 3.1. Dashboard application based on GAV HTML5/ JavaScript. .............................................. 13 
Figure 3.2. Application constructed using GAV layout=[map,timegraph,datatable]. ........................... 14 
Figure 3.3. Application constructed using GAV layout=[(map,timegraph),datatable]. ........................ 15 
Figure 3.4. Parliamentary Elections 2010 in Sweden (by Statistic Sweden)......................................... 15 
Figure 3.5. Postcode Atlas (by Statistic Sweden). ................................................................................. 16 
Figure 3.6. Statistic Atlas (by Statistic Sweden). .................................................................................. 16 
Figure 3.7. Social Explorer. ................................................................................................................... 19 
Figure 3.8. China Geo-Explorer. ........................................................................................................... 22 
Figure 3.9. DigDag Map ........................................................................................................................ 25 
Figure 4.1. Basic client-server model (Gallaugher and Ramanathan, 1996). ...................................... 31 
Figure 4.2. A commonly used web mapping application architecture (Mitchell, 2005). ...................... 32 
Figure 5.1. Structure of an HTML file. ................................................................................................. 37 
Figure 5.2. Canvas draw a 2D rectangle ................................................................................................ 40 
Figure 5.3. The result of running the code in Figure 5.2. ..................................................................... 40 
Figure 5.4. JavaScript embedded in an HTML file. .............................................................................. 41 
Figure 5.5. JS file embedded in an HTML file. ..................................................................................... 42 
Figure 6.1. The architecture of a web site constructed with ArcGIS for Server (ESRI, 2013e). ........... 45 
Figure 6.2. Multiple machine ArcGIS Server site architecture (Law, 2013) ......................................... 47 
Figure 6.3. Multiple machine ArcGIS Server site constructed with 2 cluster (ESRI, 2013b) ............... 48 
Figure 6.4. ArcGIS Server Manager...................................................................................................... 49 
Figure 6.5. The Services Directory. ....................................................................................................... 49 
Figure 6.6. The ArcGIS Server Administrator Directory. ..................................................................... 49 
Figure 6.7. GIS resources are edited and published from ArcMap. ...................................................... 50 
Figure 6.8. How a Web API works in a web application (Masse, 2011). ............................................. 51 
Figure 6.9. ArcGIS API for JavaScript workflow (ESRI, 2012). .......................................................... 52 
Figure 6.10. Enable time on a layer. ...................................................................................................... 54 
Figure 7.1. Study area of this case study. .............................................................................................. 55 
Figure 7.2. Geographic data in the SEDD Map are collected in four independent historical maps. ..... 57 
Figure 7.3. Generate maps between 1757 and 1812. ............................................................................. 57 
Figure 7.4. Three cases when generate maps. ....................................................................................... 58 
Figure 7.5. Visualize animation using ArcGIS time-aware layer. ......................................................... 60 
Figure 7.6. Using linear interpolation to estimate the likely value (Phillips, 2003). ............................. 60 
Figure 7.7. Method to generate maps from year t0 to t1 - situation 1. .................................................... 62 
iv 
 
Figure 7.8. Method to generate maps from year t0 to t1 - situation 2. .................................................... 62 
Figure 7.9. Method to generate maps from year t0 to t1 - situation 3. .................................................... 62 
Figure 7.10. The architecture of the SEDD Map (new version). ........................................................... 63 
Figure 7.11. Editing and uploading the data to ArcGIS server site. ...................................................... 64 
Figure 7.12. ArcGIS Server Manager.................................................................................................... 64 
Figure 7.13. ArcGIS REST Services Directory. .................................................................................... 65 
Figure 7.14. Houses distribution during the four period from 1757 to 1915......................................... 67 
Figure 7.15. Final map covers period. ................................................................................................... 67 
Figure 7.16. The code to perform Equation 7.5. ................................................................................... 68 
Figure 7.17. The SEDD Map (new version) running on a computer. ................................................... 69 
Figure 7.18. The SEDD Map (new version) running on a portable device. .......................................... 69 
Figure 7.19. A house generated in the animation, shown in the year 1812 (left) and 1859 (right). ...... 71 
Figure 7.20. Using Canvas to draw statistical graphics. ........................................................................ 72 
Figure 7.21. Seach Tool in the SEDD Map (new version). ................................................................... 72 
Figure 8.1 Two cases that can be solved. .............................................................................................. 77 
Figure 8.2. Using fuzzy logic to display the house on a map. ............................................................... 78 
Figure 8.3. House points are presented as squares. ............................................................................... 79 
 
List of Tables 
Table 2.1. Data for economic and demographic variables in SEDD database (Bengtsson, 2011). ......... 9 
Table 3.1. Data sources of China Geo-Explorer. ................................................................................... 23 
Table 3.2. Comparison between the web mapping services - Basic information .................................. 29 
Table 3.3. Comparison between the web mapping services – Technical solutions ............................... 29 
Table 3.4. Comparison between the web mapping services – Technical implementation details ......... 30 
Table 7.1. House shape in different layers. ........................................................................................... 66 
Table 7.2. The browsers which SEDD Map (new version) supports. ................................................... 70 
Table 7.3. Comparison between the two versions of SEDD Map – Technical solutions. ..................... 73 
Table 7.4. Comparison between the two versions of SEDD Map – Technical implementation details. 73 
1 
 
1 Introduction 
1.1 Background 
A database called the Scanian Economic-Demographic Database (SEDD) has been developed by 
the Centre for Economic Demography (CED), Lund University. It contains information about the 
demographic and economic conditions of the people that have lived in 5 parishes in Scania from the 
17th century until now. To visualize and analyze these data, a GIS based web mapping application 
called SEDD Map has been developed and tested. 
Web mapping is a technology to present map information to end users through Internet. It uses 
databases to store and manage the data, and Hypertext Markup Language (HTML) and scripting 
languages to show the data on a web browser (Mitchell, 2005). From the browser, a user can view 
the data anytime and anywhere. For developers and data managers, it is also a convenient tool to 
create, edit and update data. Management can be done over the Internet. So, data can be kept more 
easily and up to date. 
Hypertext Markup Language (HTML) is a markup language which is used to display web pages and 
other information through the Internet. For web mapping applications, it is also one of the main 
languages used to represent the map data (Mitchell, 2005). As the standard of HTML development, 
a candidate version, HTML5, was released in December 2012 by the World Wide Web Consortium 
(W3C). It aims to support the latest multimedia formats and reduce plugins. To enable this, it 
introduces some new elements to embed pictures on a web page, such as the canvas element 
(Berjon et al., 2012). 
There are several types of web mapping applications that have been developed to achieve different 
kinds of tasks or make different types of analyze. They can be generally grouped into two broad 
categories, static maps and interactive maps (Kraak and Brown, 2001). A static map is displayed as 
an image on a web site (Mitchell, 2005). It uses one or more digital map pictures, such as scanned 
paper maps, to show the geographic information of a particular area, and no other data are needed. 
One example of a static map is to present a historical map on the Internet (McDermott, 2002). 
Interactive maps are not as easy as static maps. These allow users to access a set of functions to have 
some interaction with the map, such as zoom out and zoom in (Mitchell, 2005). The functions are 
embedded directly in the HTML web page. Therefore, the web users do not need to install any 
affiliated software on their platforms to use them. Interactive maps can be used in many areas, such 
as visualizing public transit (Hoar, 2009), spatial planning (Nuojua, 2010) and analyzing spatio-
temporal data (Chaix et al., 2012).  
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The SEDD Map is an interactive web mapping application. It not only illustrates map information 
for users, but also contains interactive functions. As a powerful interactive web mapping application, 
it can make many analyze immediately from the client side, such as clicking on a house or a property 
to display its geographic information or retrieve the demographic information from the database. To 
enhance its interactive capability, SEDD Map should be improved in many ways, such as improving 
its interactive visualization capabilities. 
There are several interactive web mapping applications suitable for visualizing and analyzing 
demographic and geographic data. Examples are NComVA (Norrköping Communicative Visual 
Analytics) Geovisual Analytics Visualization, which is a web tool used to visualize statistic 
information (Jern, 2010); Social Explorer, which is a web mapping application used to analyze the 
historical census data of the United States of America (Bordelon, 2012); China Geo-Explorer which 
is a web mapping application used to analyze Mainland China’s demographic data (Xu et al., 2009). 
In this study, a couple of web mapping applications are described and investigated to examine their 
advantages and disadvantages. These web mapping applications are also good examples for 
suggesting how to improve the functions and the visualization abilities of the SEDD Map in the 
future. 
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1.2 Problem Statements 
The previous version of SEDD Map is built using the ArcGIS API for Silverlight. As it has been 
developed with Silverlight, which is an application framework developed by Microsoft for writing 
and running rich Internet applications, it only supports computer or mobile devices (e.g. Windows 
Phone) which have installed the Silverlight plugin. Portable devices (e.g. tablet computers and 
smartphones) are widely used in people’s daily lives. Unfortunately, some of the portable devices, 
such as the iPhone, iPad and Android phones, do not have the ability to install plugins in their 
browsers. Thus, the previous SEDD Map cannot be accessed from these devices. 
Using animation to visualize historical geographic data requires a large quantity of sequential data. 
The demographic data stored in the SEDD database are continuous (year by year), they can be easily 
visualized with time changes. However, the geographic data of the SEDD Map are taken from four 
independent historical maps. The four historical maps are even not in the same series. For each 
house, it does not contain the exact information about when it was constructed and demolished. So, 
how to present them with time changes is a formidable task for the previous version SEDD Map. 
Therefore, this study will try to answer the questions and solve the problems listed below: 
 What functions do commonly used web mapping applications for visualizing and analyzing 
of demographic data have? 
 How do they visualize historical data? 
 Can SEDD Map be developed with HTML5, and achieve the basic web mapping functions, 
required to visualize and analyze the data stored in SEDD database? 
 Can the new version of SEDD Map be accessible by both computer and portable devices? 
 What advantages and disadvantages will the new version of SEDD Map have? 
 Is it possible to use four historical maps to present the geographic data with animation? 
1.3 Objectives 
This study has three main objectives: 
a. Review current web mapping applications which are used to visualize and analyze demographic 
data. 
b. Improve the compatibility of SEDD Map with different platforms and browsers. 
c. Improve the visualization for the geographic data which are taken as snapshots from 4 different 
historical maps during the years 1757 to 1915. 
4 
 
1.4 Methodology 
This study is divided into two parts. The first part is a comparative study that compares several web 
mapping applications and programs which are used to visualize and analyze demographic data. The 
second part is a case study. In the case study, the compatibility and the animations for visualizing 
historical geographic data of SEDD Map are improved. 
Part I: Comparative study 
The general work steps are shown below: 
 Set up user requirements of an improved SEDD Map. 
 Review some web mapping applications and programs which are used to visualize and 
analyze the demographic data. 
 According to the requirements, investigate different web mapping applications and 
programs to find out if the requirements could be achieved in these web mapping 
applications. And also try to find the unique features of each web mapping application. 
 Compare these web mapping applications and programs. Illustrate the comparisons in tables. 
Part II: Case study 
For improving the compatibility of the SEDD Map: 
 Use ArcGIS for Server to set up a server to manage the GIS data for the case study. 
 HTML5 and Cascading Style Sheets level 3 (CSS3) are used to design the layout of SEDD 
Map to fit all screens (small or large). 
 Using the requirements which are set up in Part I, to develop the new version of SEDD Map. 
The functions are developed with JavaScript and ArcGIS API for JavaScript. 
 Evaluate the compatibility of the new version of SEDD Map with different platforms and 
browsers. 
 Compare the SEDD Map new version with the SEDD Map previous version, using the 
requirements listed in Part I.  
For improving the animation for visualizing historical geographic data of SEDD Map: 
 Investigate the data, using linear interpolation, to generate the maps to cover the period from 
1750 to 1915 for each year. 
 Test if the geographic data could be visualized as an animation with time change. 
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1.5 Report Structure 
The structure of this thesis is shown in Figure 1.1. Chapter 2 describes the Scania Economic-
Demographic Database (SEDD) including a description of the data and the data structure as well. 
This includes where and how the data were collected. Also described is the previous version SEDD 
Map, and the problems it faced. Chapter 3 is a comparative study of web mapping applications 
which are used to visualize and analyze spatio-temporal data. First, it describes the requirements of 
the improved SEDD Map. Then, it introduces a web mapping program (NComVa Geovisual 
Analytics Visualization) and three web mapping applications (Social Explorer, China Geo-Explorer 
and DigDag). In the last part, the web mapping programs and applications are evaluated against the 
requirements. Chapter 4 is about the web mapping client-server model. It describes the main 
components (client side, web server, application server, map server and map data server) from the 
client side to the server side to show what they do and how they work. Chapter 5 considers details 
of the client side of web mapping applications which are constructed with HTML, JavaScript and 
CSS. This chapter is divided into 3 parts. The first part, gives an overview of HTML, describes how 
it works and the newest candidate version, HTML5. It also gives a short description of the Canvas 
element. The second part introduces the JavaScript language and the open source modular 
JavaScript library, DOJO. The last part describes CSS and its newest version, CSS3. Chapter 6 
gives an introduction to the ArcGIS for Server package. It describes its structure, how it works. 
Then, it gives a short description of the ArcGIS API for JavaScript, which is the tool used to develop 
the new version of SEDD Map. ArcGIS for Server 10 provides the function used to visualize the 
time-aware data. So, how it works is also described in this chapter. Chapter 7 is the case study part. 
This chapter introduces the study area and the data that the case study used. Then, it shows the 
implementation for creating the new version of SEDD Map and how to generate the maps from the 
four historical maps to visualize the geographic data using animation. The result part shows how the 
new version of SEDD Map works and the functions that were implemented. The final part evaluates 
the new version of SEDD Map and make a comparison with the previous version of SEDD Map. 
Chapter 8 is the discussion part of this thesis. In this portion, it discusses the final results of this 
thesis from three aspects: web mapping with HTML5, animations and the future of web mapping 
development. Chapter 9 shows the final conclusions. All the questions set up in Chapter 1 are 
answered in this part. And all the objectives are attained. 
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Figure 1.1. Report structure of the thesis.   
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2 SEDD Map 
2.1 Introduction 
SEDD is an acronym for the Scanian Economic-Demographic Database. This database is 
constructed and managed by the Centre for Economic Demography (CED) at Lund University, 
which handles research in different areas, such as economic history, economics, social medicine, 
social work and statistics (Bengtsson, 2012). At CED, the SEDD database is, for example, used in 
research about individual behavior, family organization and demographic outcomes during the age 
when Sweden developed from an agricultural to an industrial society. The Center also focuses on 
improving the knowledge of contemporary behavior in Sweden. Based on such demographic 
behavior, it is possible to analyze the role of intergenerational factors and the influence of economic 
change (Bengtsson, 2012).  
The SEDD database has been integrated with geographic data, which has enabled visualization and 
analysis of the data through a GIS based web mapping application (Hedefalk et al., 2013). This GIS 
based web mapping application is called SEDD Map. The figure below (Figure 2.1) shows the 
previous version of the web mapping application, published in 2011. SEDD Map aims to help the 
researchers to analyze the data stored in the SEDD database. By using some visualization functions 
on the map, the data can be presented in a more efficient and clear way. 
 
Figure 2.1. SEDD Map application (previous version). 
The SEDD Map previous version can achieve the basic web mapping functions. On the left side of 
the map application there is a map content tool, which is used to display and hide the map layers. 
The zoom tool is in the upper left corner in the map frame, which is used to choose the zoom level 
for the map and move the map in different directions. However, for changing the zoom level and 
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moving the map, the users can also use the mouse. A scale bar is located in the bottom left corner 
to display the scale. In the upper right corner there are some tools for retrieving and visualizing the 
data. When clicking on the view data tool, a new window opens to access the SEDD database. Users 
can use this window to search the demographic data. There are three key words used to identify the 
data: sex, birth day and first name. So when the user needs the information of someone, they can 
use these three parameters to get the information for a particular person. The download tool is used 
to export demographic data. A chart tool (Figure 2.2) is used to visualize the demographic statistics 
of birth, death, population and marriage. The base map tool is used to change the background maps. 
SEDD Map can also make smooth interactions with the geographic data. When clicking on some 
objects, such as a house or property, an information window will appear and display the information 
of those objects. 
 
Figure 2.2. Chart tool shows the statistical information about population during 1750 to 1915. 
At this stage, SEDD Map should be improved in two ways: data integration and visualization. A 
limitation of the SEDD Map application is that the integration between the demographic and the 
geographic data is only made on an aggregated level. This means one or more administrative units 
are linked with a group of persons. To improve the connection and to present the data more clearly, 
we have to create a linkage on individual level (Hedefalk et al., 2013). That means each person in 
the SEDD database would be linked to one or more buildings or properties. As the two sources use 
different time representations, with the geographic data taken as a snapshot of the historical map for 
a certain time, while the demographic data is using object lifelines, we have to improve the 
methodology for making the linkage between the two sources (Hedefalk et al., 2013).  
This study focuses on improving the visualization aspect. To enable the visualization for different 
time presentations, we need to model continuous information based on the historical map snapshots. 
To improve the implementation, a couple of new techniques will be included in the web application, 
such as HTML5.  
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2.2 Data 
The SEDD Map application uses several types of data, such as economic data, demographic data 
and geographic data. The database contains information about five parishes (Halmstad, Hög, 
Kävlinge, Kågeröd and Sireköpinge) in Skåne, which is a county in southern Sweden. The data 
contain information from late 17th century up to now (Bengtsson and Dribe, 1997). 
The economic and demographic data are constructed based on information sources recording family 
reconstitutions, land ownership, migration, etc. The family reconstitution information was collected 
during the late 17th century to 1895 in five rural parishes and one city recorded by the church on 
births, deaths and marriages, that was linked together to make up families. Land ownership 
information was collected from the poll-tax registers. It contains the annual information during the 
period from 1766 to 1895. It has been linked to the families in five of the parishes (Halmstad, Hög, 
Kävlinge, Kågeröd and Sireköpinge) to get more information on socio-economic status. Migration 
and household composition information was collected from the catechetical examination registers 
in the same five parishes from the year 1829 - 1895. These data, combined with local information 
about food prices and wages, have been used to analyze the environmental impacts on demographic 
outcomes. In order to improve the knowledge of social origins, all person registered as married in 
the five parishes from 1829-1895 have been tracked. The information about parental social status 
collected from the church records and the poll-tax registers has also been added. In total, there are 
more than 740,000 observations, covering 210 variables for about 39,000 individuals, in the five 
parishes in the SEDD database. The data for economic and demographic variables stored in the 
SEDD database is shown below in Table 2.1. 
Table 2.1. Data for economic and demographic variables in SEDD database (Bengtsson, 2011). 
Demographic variables 
Births, 
Deaths, 
Cause of death, 
Marriages, 
In-migrants, 
Out-migrants, 
Parity 
Socioeconomic variables 
Occupation, 
Land holdings, 
Type of residence, 
Property ownership 
Household variables 
House-hold size, 
Typology of house-hold members 
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The geographic data are based on scanned and digitized historical maps from 1750 to 1915 over the 
five parishes (Halmstad, Hög, Kävlinge, Kågeröd and Sireköpinge). The maps have been 
transformed into the Swedish national reference system SWEREF99 TM. There are four historical 
map series that are used in the web mapping application. They are economic maps (EM), 
topographic maps (TM), land surveyors maps (LSM) and military topographic survey maps 
(MTSM). All the maps have been converted into both raster and vector format (Hedefalk et al., 
2013).  
Economic maps (EM) cover the period from 1910 to 1915. The raster data of EM are constructed 
by scanning and geocoding the paper maps. The vector data of EM were derived from the raster 
maps, which were digitized into different parishes, property units, houses, roads and railroads stored 
in different layers.  
Topographic maps (TM) cover the period from 1860 to 1865. These were also constructed with 
scanned history map as images stored in the database cover the 5 parishes. These were digitized into 
houses and roads stored into different layers as vector data.  
Land surveyors maps (LSM) cover the period from 1757 to 1863. Two raster files were created from 
these maps, a clipped map and a complete map. The clipped map only contains the portion where 
the geographic information was drawn. The complete map contains all the information of the 
original map. As vector data, it has been separated into properties and houses portions stored in 
different layers.  
Military topographic survey maps (MTSM) cover the period from 1812 to 1820. As raster data, it is 
only formatted as a scanned map. As vector data, it has been digitized into houses, roads, lakes, 
streams and wetlands in different layers.  
In addition to these maps above, the web application also includes some background maps to 
enhance the visualization, such as some commercial base map data from ESRI and Bing, free base 
map data from Open Street Map and further data from National Land Survey of Sweden. 
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3 Visualization studies of web mapping for spatio-temporal data 
3.1 Requirements for the web mapping application 
A web mapping application is used to present the data stored in a GIS database (Li et al., 2011). As 
the GIS data are visualized on a web page directly by users, it makes the data represented in a more 
timely and more understandable fashion. Different map applications are built up for different users 
and aims. For a particular aim, it must often meet some specific requirements (Kiehle et al., 2007). 
Below we list the requirements for the web mapping applications considered in this study. The 
requirements are the basic functions or rules that a web mapping application should fulfill. The 
SEDD Map (new version) is constructed based on these requirements (see Chapter 7). 
A. Technical solutions: 
 
a) No Plugins 
This requirement is to avoid the need to use plugins. Instead, only scripting languages supported 
by modern browsers should be used. 
b) Cross-platform support 
Cross-platform support means that the web mapping application should be possible to run on 
different kinds of platforms (Trelease and Nieder, 2012). For hardware platforms, it has to 
support not only computer devices, but also tablet devices and smartphones. For software 
platforms, it has to run on different operating systems, such as Windows, Linux, Mac OS, iOS, 
Android, etc. 
c) Multiple web browsers support 
There are many web browsers on the market. Different web browsers may have different web 
browser engines (Williams, 2013). Multiple web browsers support means that the web mapping 
application should support the commonly used web browsers (Boulos et al., 2010), such as 
Chrome, Internet Explorer, Firefox, Safari, Opera, etc.  
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B. Technical implementation details: 
 
a) Interactive visualization 
To analyze data using a web application, interactive visualization is also a necessary capability 
(Brock et al., 2012); for example, click on some buildings or properties to get the detailed 
information about them.  
b) Multiple maps based 
Multiple maps based means that the web mapping application can visualize more than one map 
on the web site (Newswire, 2012). Using different map layers, such as an aerial photo map and 
a soil map, will improve the presentation.  
c) Animation 
Presentation of historical data often needs some analysis between different time periods, such 
as investigating the data changes over time. So, animation would be a necessary function for the 
users to comprehend the data (Shah, 2012). 
d) Statistical graphics 
To investigate and analyze data, it is often useful to make some statistical graphics directly on 
the web mapping application (Hienert et al., 2011). Making some charts, such as pie charts and 
bar charts, would make the data more understandable to many users.  
e) Search tool 
Search tool means the application has the ability to retrieve data from the client side by users 
(Tsai, 2011). If a user needs some specific information, the search tool will help the user to 
quickly find that information. 
f) Export functions 
For analysis, exporting data from the web application is also often a necessary function 
(Norambuena et al., 2007); for example, when they are interested some part of the data, they do 
not need to export the whole data set, the can just export the selected part. 
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3.2 GIS based web mapping programs 
3.2.1 NComVA Geovisual Analytics Visualization 
Geovisual Analytics Visualization (GAV) is a conceptual framework, which is used to visualize and 
make statistical analyze, developed by NComVA (Norrköping Communicative Visual Analytics) a 
spin-off company of the National Center for Visual Analytics (NCVA) at Linköping University. 
There are many studies based on this framework, such as statistical data visualization (OECD), self-
organizing mobile networks (Ericsson Research, Sweden) and road emergency analysis (SMHI) (Ho 
et al., 2011). On May 6, 2013 the company NComVA announced that it had been acquired by 
QlikTech, which is a software company focused on data analysis, to enhance the visualization 
capability of the software QlikView (QlikTech, 2013). 
The first generation of GAV was developed using the techniques of C#, DirectX and .Net (Jern 
and Franzen, 2007). In 2008, they changed the development platform used to Adobe Flash/Flex 
which could be run on most of the computers around the world (Jern, 2009). As Adobe announced 
that Flash would no longer be supported on mobile devices as of December 2011, NComVA decided 
to change their development platform to HTML5 with JavaScript. This development started in 
January 2012 (Ho, 2013). Now, there are two frameworks provided by NComVA, GAV 
Flash/ActionScript and GAV HTML5/ JavaScript. Figure 3.1 shows a dashboard application 
developed based on GAV HTML5/ JavaScript. 
 
Figure 3.1. Dashboard application based on GAV HTML5/ JavaScript. 
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GAV helps the user to create customized dynamic linked views with spatial-temporal data. As a web 
mapping application created with GAV, it has some unique features such as layout define and 
storytelling (Lundblad, 2013). 
Users can define the layout style of their application by themselves using the visualization 
components of the GAV framework. GAV provides a layout attribute that divides the mapping 
application web site into many rows with brackets and columns with commas. For example, the map 
application with the layout attribute [map, timegraph, datatable] gets a 3-column layout 
(Figure 3.2), while the one with the [(map, timegraph), datatable] attribute gets a 2-
column map application with 2 rows on the left side (Figure 3.3). There are 5 visualization 
components: Choropleth Map, Scatterplot, Barchart, Timegraph and Datatable. Even 
though they are combined together to construct a web application, they are not dependent on each 
other. So, they can be combined freely according to the user’s choice (Ho et al., 2011). 
Storytelling is one feature of the GAV toolkit when visualizing the data. Storytelling means to tell 
a story about the data and the related analytics. The function provides a means to create descriptive 
texts and snapshots to describe the data. So, with the snapshots and the descriptions, the data can be 
presented more clearly and the user can understand the data more easily. It aims to guide the user to 
think as an analyst (Jern, 2010).  
 
http://www.ncomva.se/html5/dynamic/index.html?layout=[map,timegraph,datatable] 
 
Figure 3.2. Application constructed using GAV layout=[map,timegraph,datatable]. 
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http://www.ncomva.se/html5/dynamic/index.html?layout=[(map,timegraph),datatable] 
 
Figure 3.3. Application constructed using GAV layout=[(map,timegraph),datatable]. 
GAV toolkit has been used to develop many highly interactive statistical web mapping applications 
which can be used to analyze and visualize statistic data in different areas for different data; for 
example, to visualize the Parliamentary Elections 2010 (Figure 3.4), postcode atlas data (Figure 3.5) 
and statistical data of Sweden (Figure 3.6) (Jern, 2009).  
 
Figure 3.4. Parliamentary Elections 2010 in Sweden (by Statistic Sweden). 
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Figure 3.5. Postcode Atlas (by Statistic Sweden). 
 
Figure 3.6. Statistic Atlas (by Statistic Sweden). 
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Coding languages and plugins 
GAV Flex Toolkit is developed with Flash/ActionScript. So, a Flash plugin is needed. However, 
GAV HTML5/JavaScript is developed with HTML5 and JavaScript. It can be run on all devices 
without plugins. 
Cross-platform support 
The web mapping applications which are constructed with the GAV Flex Toolkit cannot work on 
portable devices. However, GAV HTML5/JavaScript based applications can run on all devices. 
Multiple Web browsers support 
The GAV Flex Toolkit mapping applications can only run in a browser which has installed the Flash 
plugin. The GAV HTML5/JavaScript version of these applications can run in all browsers.  
Interactive visualization 
The mapping application constructed with GAV has all the basic interactive functions. It provides 
the function to zoom the map to different levels and can easily move the map in different directions. 
When clicking on the map or the statistical graphics, the user can get information about the data. It 
also provides a tool to change the color of the map and the statistical graphics. 
Multiple maps based 
The web mapping applications which are constructed with GAV can embed background maps. For 
example, Figure 3.4 contains four Google maps (street map, satellite map, hybrid map and terrain 
map) as background maps, and Figure 3.5 contains Open Street Map as its background map. 
Animation 
GAV provides time-linked animation, which is used to visualize the geographic data and several 
statistical graphics in the meantime (Ho et al., 2011). As a basic web mapping application for 
historical data analysis, GAV can make powerful statistical analysis figures for visualizing census 
data with time changes. When the time-linked animation is playing, the statistical graphics and the 
maps will change together. The animation is controlled by a slider with several buttons. The 
Start/Stop button is used to control the animation’s start and stop; the Step Left and Step Right 
buttons are used to control the slider to change to the previous or next year; the Increase Speed and 
Decrease Speed buttons are used to change the speed of the animation.  
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Statistical graphics 
GAV provides many statistical graphics to enhance the visualization of the data. The statistical 
graphics, such as distribution plot, bar chart, scatter matrix, histogram, scatter plot, pie chart and 
time graph, can be organized freely (Lundblad et al., 2010). 
Search tool 
In the postcode atlas mapping application (Figure 3.5), there is a search tool above the map window. 
It can be used to search a particular area. When the user types in the zip code, the mapping 
application will directly zoom to that place. This would help the user to find their data easily. 
Export functions 
A mapping application developed with GAV can export data from its database. There are three kinds 
of export data: map snapshot, demographic data and storytelling data. Take Figure 3.6 for an 
example, the data can be exported with the Save Data function in the FILE menu. There are two data 
formats can be chosen when saving the data. One is to export the data as a text file, another is to 
save the data using column grid format. The storytelling data can be saved as an XML file. 
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3.3 GIS based web mapping applications 
3.3.1 Social Explorer 
Social Explorer (Figure 3.7) is an online research application which is designed to present historical 
census data and demographic information from the United States of America, and let users create 
reports and maps for visualizing, analyzing and investigating demographic changes. It was first 
developed in 1999. Four years later, the web site was launched. In 2007 a subscription version was 
available. It has been cited by numerous media outlets such as New York Times, the Wall Street 
Journal and Swedish TV4 (Social Explorer, 2013a). 
 
Figure 3.7. Social Explorer. 
The database of Social Explorer contains over 18,000 maps, 40 billion data items and around 
200,000 variables from 1790 to 2010. The data are annually updated from the American Community 
Survey. It contains the decadal US Census from 1790 to 2000 and annually updates from the 
American Community Survey from 2005 to 2010. Religion data are based on the Religious 
Congregations and Membership Study (RCMS) from 1980 to 2000 (Social Explorer, 2013a). 
It is easy to create reports and maps with Social Explorer (Bordelon, 2012). It supplies an online 
report making function, creates a report combined with maps and tables automatically. The report 
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can be exported as an Excel document or a CSV file. The search tool is also a useful function, which 
can be used to select a specific place by searching with words. 
The interface of Social Explorer (Figure 3.7) can be generally divided into four parts. On the top, it 
is a tool bar which contains the menu and tools for analyzing the data. In the middle left, there is a 
map which is used to visualize the data. In the middle right, there is a window which is used to 
display the map lists and the legend. At the bottom, there is an animation tool called the slideshow 
tool, used to do dynamic visualization of the data (Social Explorer, 2013b).  
Coding languages and plugins 
Social Explorer is developed with Flex. So, a Flash plugin (Flash version 9 or higher) is needed 
when using it (Social Explorer, 2013c). 
Cross-platform support 
The web mapping application can be run on computers and on mobile devices which support a Flash 
plugin. 
Multiple Web browsers support 
According to its official web site (Social Explorer, 2013c), it support the following browsers: 
 IE8/Windows 
 IE7/Windows 
 IE6/Windows (version 6.0.2900.2180 or higher) 
 Firefox 3/Windows 
 Firefox 2/Windows 
 Firefox 1/Windows 
 Firefox 2/Macintosh 
 Firefox 1/Windows 
 Safari 3/Macintosh 
 Safari 2/Macintosh 
Interactive visualization 
The mapping application provides many interactive map tools, such as zoom and pan. Users can 
also get information from the map directly, by clicking on the map. 
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Multiple maps based 
Social Explorer provides over 18,000 maps for the users to use (Social Explorer, 2013a). 
Animation 
The animation of Social Explorer is created by the users themselves. The function works with the 
slideshow tool. To create a slideshow, the user first browses a map, then clicks on the layer to add 
the current map to the slide. When all maps are added, the user can uses the slideshow controller to 
play the animation. The controller controls the animation speed, turns on/off the animation effect 
and turns on/off the looping playback.  
Statistical graphics 
There are not many statistical graphics included in Social Explorer. The statistical information is 
presented only with choropleth maps. 
Search tool 
There is a search tool in the tool bar. It can be used to search the data stored in the database. After 
the result is found, the map view can zoom to the location or center at the location. That depends on 
the users’ choice. 
Export functions 
Social Explorer provides many export functions. Animation can be saved as a PowerPoint file. Maps 
can be saved as a picture file. It also provides a function to generate reports, which can be used to 
export the data as a report. 
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3.3.2 China Geo-Explorer 
China Geo-Explorer (Figure 3.8) is an online web mapping application which has been developed 
by the China Data Center at the University of Michigan, in cooperation with the All China Marketing 
Research Co. Ltd. (ACMR) and the State Key Laboratory for Information Engineering in Surveying, 
Mapping and Remote Sensing (LIESMARS) of Wuhan University. This online web mapping 
application aims to provide spatial data services, with data integrated from different sources and 
types, to support spatial analysis with the development of a couple of embedded application, and to 
provide a more intelligent application to help decision makers. The application provides support in 
many areas. In business, it can help merchants with site selection, and making business analyses. 
For research, it can help researchers making spatial models, assessing the environment and doing 
field surveys. In education, it can help with spatial studies and spatial analysis. For the government, 
it can help with regional planning and decision making (China Data Center, 2013).  
 
Figure 3.8. China Geo-Explorer. 
The database of China Geo-Explorer includes data describing the demography, businesses and 
geography for all of mainland China. The data covers all 31 provinces, including 345 cities, around 
3000 counties and more than 50,000 towns (China Data Center, 2011). The data can be generally 
divided into 5 types: government statistics, population census, economic census, establishments and 
geography and environment (Table 3.1). The government statistics data includes data on three levels: 
the provincial level, the city level and the county level. It contains information such as price index 
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values, wages and public health, etc. The population census includes all 5 national census data, taken 
from the years 1953, 1964, 1982, 1990 and 2000. It includes over 2000 variables, such as fertility, 
marriage and death. The economic census includes the industrial census, basic unit census and 
economic census. More than 1000 variables are included. Establishment data include the 
information about different establishments for the entire country. Geography and environment 
contains geographic information such as land use. It contains maps for different levels such as 
provincial boundaries, county boundaries and zip codes, etc. (China Data Center, 2013). 
Table 3.1. Data sources of China Geo-Explorer. 
Government Statistics 
Provincial statistics 
City Statistics 
County Statistics 
Population Census 
Census 1953 
Census 1964 
Census 1982 
Census 1990 
Census 2000 
Economic Census 
Industrial Census 1995 
Basic Unit Census 2001 
Economic Census 2004 
Establishments 
Industrial Census 1995 
Basic Unit Census 2001 
Economic Census 2004 
Geography and 
Environment 
Land Use data 
Night-Time data 
Transportation 
Rivers and Lakes 
 
China Geo-explorer has many functions. It provides fast and flexible selection. The data can be 
selected by province, city, county or town. Selections can be made by selecting from a list or with a 
mouse click on the target area. It can calculate and record the coordinates. For example, when the 
user needs to know the coordinates of a building, just click on it. The application will automatically 
calculate the coordinates and record them. Spatial statistics are supported. It can make different 
kinds of patterns or make a trend, such as a time series function, to support the users well understand 
the data. It can also generate a report for the statistical data. The report contains the data that the 
user selected and also the patterns and the graphics that the user made. The report can be exported 
in different formats such as HTML file, PDF file, Word file, Excel file or ESRI Shape file.  
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Coding languages and plugins 
China Geo-Explorer is a web mapping application developed with Flex. So, the Flash plugin is 
needed to browse the map. 
Cross-platform support 
The mapping application does not work on mobile devices which do not have the ability to install 
the Flash plugin. 
Multiple Web browsers support 
The web mapping application has no official test information, but we can test it in many browsers. 
It works well in browsers such as Internet Explorer (IE), Chrome and Firefox. 
Interactive visualization 
The map contains many interactive visualization functions. One of the powerful functions is that it 
can select and visualize data with a polygon which created by the user.  
Multiple maps based 
China Geo-Explorer uses an Open Street Map as its background map, and it also contains many 
maps such as China 2000 Province Population Census Data with GIS Maps, China 2000 County 
Population Census Data with GIS Maps and China 2000 Township Population Census Data with 
GIS Maps, etc. (China Data Center, 2013). 
Animation  
It only shows a static graph that is not animation provided.  
Statistical graphics 
China Geo-Explorer provides many statistical graphics to visualize the statistical information, such 
as time series chart and choropleth map. 
Search tool 
There is a search tool embedded in the mapping application. It is easy to retrieve data in this mapping 
application. 
Export functions 
Maps can be exported using the map export menu. The format of exported maps can be pdf or jpeg. 
It also provides for exporting the data in the ESRI shape file format (China Data Center, 2011).  
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3.3.3 DigDag 
DigDag map is short for the Digital atlas of the Danish historical-Administrative Geography. It is a 
research project funded by the Ministry of Science, Technology and Innovation, in cooperation with 
a wide range of Danish historical research institutions and libraries. The project was run from 2009 
to 2012 and aimed at establishing a common database to present the historical geographic data for 
Danish administrative units; to develop a search engine for the data stored in the database; and to 
create an application to support the administration historical researches (DigDag, 2012). 
 
Figure 3.9. DigDag Map 
The database is established based on historical information and maps of Denmark from the 16th 
century up to now. The historical maps are digitized into raster data and vector data, and stored in 
the database. The database contains information about more than 250,000 places, including the name, 
origin and meaning, etc. in different time periods. It describes the relationship between counties, 
municipalities, parishes, dioceses, religious and judicial authorities.  
A main feature of the map is that it integrate the time dimension. That can help the user to see both 
where and when the administrative units change. For an example, when clicking on Aalborg, the 
table shows the previous names as Alburgis and Olborg, and the time when those names were used 
(DigDag, 2013a).  
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Coding languages and plugins 
DigDag is developed with XHTML and JavaScript. So, no plugin is needed when browsing this web 
mapping application. 
Cross-platform support 
As the web mapping application has been developed without a plugin, it can be run on all kinds of 
devices, no matter whether they are computer or portable devices. 
Multiple Web browsers support 
This mapping application works well in Chrome and Firefox, but it is not optimized for Internet 
Explorer (DigDag, 2013b).  
Interactive visualization 
Interactive visualization is not supported in DigDag. 
Multiple maps based 
DigDag contains many historical maps for analyzing data, and it also uses Open Street Map as the 
background map. 
Animation 
DigDag provides animation with a slider bar to change the time parameter. It works when the user 
changes the slider manually.  
Statistical graphics 
DigDag does not contain any statistical graphics to analyze the data. This is because it does not have 
any demographic data. It only presents geographic data with time changes. 
Search tool 
DigDag provides a search tool, which can be used to find the data that the user needs.  
Export functions 
This mapping application cannot export any data, and does not even support the capability to print 
the map or export an image of the map. 
  
27 
 
3.4 Summary 
When comparing SEDD Map (previous version) with the web mapping applications which were 
discussed in the previous sections, three comparison tables are provided below to present the differences 
between the web mapping applications. The comparisons are based on basic information (Table 3.2), 
technical solutions (Table 3.3) and technical implementation details (Table 3.4). 
The basic information about these web mapping programs and applications is presented in Table 3.2. 
From the table we can easily identify that most of the programs or applications are use English as the 
interface language. The exception is DigDag, which only supports Danish. A large quantity of these map 
programs or applications started their services around 2008. Social Explorer is the earliest released 
mapping applications among these, which has been available since 2003. While GAV 
HTML5/JavaScript is the newest mapping program, released in 2012. All the services provide a free 
version to browse, while some of them need a commercial license to get full access. 
From Table 3.3 we can see that nearly all of the web mapping applications use plugins. And the most 
often used plugin is Flash. However, NComVA GAV (HTML5/JavaScript) and DigDag do not require 
any plugins. This is because they are built with HTML and JavaScript. So, only these two web mapping 
applications are supported cross-platform. They can be browsed on both computer and mobile devices, 
such as iOS and Android devices.  
Table 3.4 shows the technical implementation details of all the web mapping applications. Except for 
DigDag, they all provide powerful interactive functions. All the services contain multiple background 
maps, which enhance the visualization of their services. Animation and visualizing the data with 
statistical graphics are also very popular functions used in most of the web mapping applications. Data 
export is also a commonly used function. The exported data can be a picture, an ESRI shape file or a 
report. 
From the comparison tables and the data we have discussed, we find that SEDD Map should be improved 
in the following ways: 
First, SEDD Map has to enhance its compatibility. As the techniques are improving, many kinds of 
devices have the ability to browse a web site. So, SEDD Map has to fit these kinds of devices. NComVA 
GAV (HTML5/JavaScript) shows a very good example of how to enhance the compatibility of a web 
mapping application. Comparing the two GAV toolkits, though they can achieve the same functions, 
NComVA GAV (HTML5/JavaScript) can be run on more platforms. 
Second, SEDD Map has to improve its visualization capability for demographic data. NComVA GAV 
Toolkit and other mapping applications show many powerful statistical graphics in their products. These 
graphics have greatly enhanced the ability for the user to understand the data. So, more colorful statistical 
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graphics should be added to enhance the visualization capability of SEDD Map, such as bar charts, pie 
charts, and plot charts, etc.  
Third, SEDD Map has to improve its visualization capability for geographic data. Many web mapping 
applications can visualize and retrieve data on different levels, such as the provincial level, county level 
or city level, etc. However, SEDD Map can only retrieve the data on one level. For example, when 
clicking on a property, the map will show the information of the property. It cannot shows the county 
level information. 
Finally, SEDD Map has to improve visualization of individual data. Compared with other mapping 
applications used to visualize and analyze demographic data, only SEDD Map has the ability to visualize 
the data on an individual level. This means one person or house can be presented on the map. Except for 
China Geo-Explorer, the other mapping applications only visualize the data on an aggregate level, such 
as visualizing the total population in a particular area. When the SEDD database has been integrated 
with geographic information, on an individual level we can improve the visualization of SEDD Map. 
For example, we can use SEDD Map to present a time series for a particular person, e.g. using the 
migration in/out data to visualize a person’s migration track during his/her life.  
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Table 3.2. Comparison between the web mapping services - Basic information 
  
 
 
Table 3.3. Comparison between the web mapping services – Technical solutions 
 
Coding Languages Plugin 
Cross-platfrom 
Supported 
Multiple Browsers 
Supported 
SEDD Map (previous) Silverlight Silverlight No Yes 
NComVA GAV (Flash) Flex, ActionScript Flash No Yes 
NComVA GAV 
(HTML5/JavaScript) 
HTML5, JavaScript No Yes Yes 
Parliamentary Elections 2010 Flex, ActionScript Flash No Yes 
Postcode Atlas Flex, ActionScript Flash No Yes 
Statistic Atlas Flex, ActionScript Flash No Yes 
China Geo-Explorer Flex Flash No Yes 
Social Explorer Flex Flash No Yes 
DigDag xHTML, JavaScript No Yes Not for Internet Explorer 
  
 
Application/Program Languages Launch Year License Type 
SEDD Map (previous) Application English 2011 Commercial and Free 
NComVA GAV (Flash) Program English 2008 Commercial and Free 
NComVA GAV 
(HTML5/JavaScript) 
Program English 2012 Commercial and Free 
Parliamentary Elections 2010 Application Swedish 2008 Free 
Postcode Atlas Application English 2008 Free 
Statistic Atlas Application English 2008 Free 
China Geo-Explorer Application English Chinese 2008 Commercial and Free 
Social Explorer Application English 2003 Commercial and Free 
DigDag Application Danish 2009 Free 
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Table 3.4. Comparison between the web mapping services – Technical implementation details 
 
Interactive 
Visualization 
Multiple Map 
Based 
Animation 
Statistical 
Graphics 
Search Tools 
Export 
Functions 
SEDD Map (previous) Yes Yes No Yes Yes Map 
NComVA GAV (Flash) Yes Yes Yes Yes No Report & Map 
NComVA GAV 
(HTML5/JavaScript) 
Yes Yes Yes Yes No Report & Map 
Parliamentary Elections 2010 Yes Yes Yes Yes No Report & Map 
Postcode Atlas Yes Yes Yes Yes Yes Report & Map 
Statistic Atlas Yes Yes Yes Yes No Report & Map 
China Geo-Explorer Yes Yes No Yes Yes Report & Map 
Social Explorer Yes Yes Yes Yes Yes Report & Map 
DigDag No Yes Yes No Yes No 
 
31 
 
4 Web Mapping Application Architecture 
4.1 Introduction 
Web mapping applications are usually constructed as a traditional web site. They usually use a 
client-server model with two main parts, the client part and the server part (Salemi, 1995, Mitchell, 
2005). The client-server model was developed during the 1970s (Canaday et al., 1974), and first 
introduced to computing in the early 1990s (Özsu et al., 2011). Now, it plays an important role in 
computer networks. It provides services in many areas, such as printer service, mail service, web 
service and file service, etc. (Schneider and Gersting, 2007). 
Figure 4.1 shows the structure of a basic client-server model (2-tier architecture). The 
communication begins with the client side sending a request to the server side. Then, the server side 
receives the request. After analyzing the message, the server side retrieves data from a database and 
provides the data to the client side. At the client side, the computer displays the final result to the 
user (Gallaugher and Ramanathan, 1996).  
Client Side Server Side
User Website Database Management 
System
Database
Request
Receive
 
Figure 4.1. Basic client-server model (Gallaugher and Ramanathan, 1996). 
There are a couple of different types of client-server architectures. The simplest is the 2-tier 
architecture shown in Figure 4.1. It is called 2-tier architecture because it is constructed with two 
components, a client and a server. In practice, a web application is not often that simple (Ramez and 
Shamkant, 2010). 
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3-tier architecture and n-tier architecture are widely used in many web applications (Miler et al., 
2011). 3-tier architecture adds one intermediate layer (middle-tier) between the client and database. 
The middle-tier can be called an application server or web server, depending on which way the web 
application is used (Ramez and Shamkant, 2010). It receives the requests from the client, responds 
to the requests and sends the requests to an additional server. After receiving the data, it returns the 
final results to the client side. n-tier adds more intermediate layers between the client side and the 
final data. The middle-tiers could also be application servers to execute the requests or data servers 
to store the data (Peng and Tsou, 2003). So, with the middle-tiers, the n-tier architecture increases 
system flexibility (Gallaugher and Ramanathan, 1996) and also the security of web applications 
(Ramez and Shamkant, 2010).  
Figure 4.2 shows a commonly used web mapping application, constructed using a 3-tier architecture. 
Though different web mapping applications have different structures, the basic structure would be 
similar to this one. When browsing the web mapping application, the user sends a request from the 
web site to the web server. The web server analyzes the request and passes the request to the web 
mapping server to create a map. Then, the mapping server analyzes the request and retrieves data 
from the map database. The map database then sends the map data (e.g. roads data and soil data) to 
the web mapping server. After the web mapping server receives the data, it combines the data to 
create a map. When the map is ready, the web server delivers the map to the mapping web site which 
displays the map to the user (Mitchell, 2005).  
User Mapping Website
Map
Web Mapping Server Map Database
Map Data
Request
Response
 
Figure 4.2. A commonly used web mapping application architecture (Mitchell, 2005). 
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4.2 Client Side 
The client side refers to everything that happens in the web browser for a web mapping application 
(Deborah, 2002). It plays a significant role in web mapping applications. It works on the local 
machine of the user and connects to the map server. It visualizes the map data for the user and allows 
the user to interact with maps. In a normal web mapping application, it visualizes not only the final 
result but also the map’s tools, such as zoom-out and zoom-in. With these tools, users can do 
analyses and browse web maps easily (Peng and Tsou, 2003). 
There are several client types in client-server architecture. The two typical client types are thin client 
and thick client. A thin client only contains the interface to communicate with the server and 
visualize the results. It does not contain any complicated functions. Instead, all the operations are 
executed on the server side. When the server side finishes the execution, it returns the final result to 
the client. A thick client (or fat client) is based on the thin client and contains more functionalities 
and tools embedded in the client side. With these tools, some operations will not be sent to the server 
side. They will be executed on the client side (Alesheikh et al., 2002). For example, when a user 
wants to zoom out a part of the map: with a thin client, a new map picture will be sent to the client 
after the map server executes the function; with a thick client, the client could do the zoom out 
function by itself with the same map picture. So, the server side will not need to do any executions 
in this case. 
Client-side scripting and/or plugins are needed to develop a powerful thick client for a web mapping 
application (Alesheikh et al., 2002). The term client-side scripting refers to a computer program 
which embedded directly into a web page to perform functions on the client side, such as JavaScript, 
VBScript and other scripting languages and systems (Raggett, 1997). A plugin is a small computer 
program which is run in a web browser (Peng and Tsou, 2003). For web mapping applications, there 
are several commonly used plugins, such as Java applets, Flash and Silverlight (Lammarsch et al., 
2008). The difference between scripting and plugins is that scripts can run directly in the web 
browser, while plugins must run on the client which has installed the plugin program.  
Though plugins are helpful, they have several drawbacks. First, they must be installed on the client 
machine. This can be a problem for the person who has no permission to install any programs on a 
computer. Second, it is not easy for the developer to test their web site. A plugin is normally not 
written by the web site developer, it is an external program. And the same plugins always have 
different versions for different platforms. If a web site produces some errors, it is not easy for the 
developer to find the real problem. Third, plugins can affect the running speed of a web page. Plugins 
waste some internal storage on a computer, and if it is too big or using too many resources to work, 
the speed of the whole program will slow down.  
34 
 
4.3 Web Server and Application Server 
The client side and the server side are two independent parts of the client-server architecture. They 
have different programs running on each side. They are different programs using different 
programming languages, there are some communication barriers between the two sides. In order to 
let the client side communicate with the server side, an intermediate layer called a web server is used 
(Peng and Tsou, 2003). A web server, also called HTTP server, uses the TCP/IP transport protocol 
to communicate between the client side and the server side (Pai et al., 1999). In the simplest case, 
it works as the user sends a request from a browser over the Internet. Then it parses the request to 
analyze which file is needed. After analyzing the request it reads the files from the server side and 
sends it back to the browser over the Internet (Yeager, 1996). 
There are several ways for a web server to respond the request from the server side. One method is 
to respond to the request by sending an existing HTML file containing the map result. This method 
is used in a static map application. The user requests a map just like requesting another web page. 
The web server can also respond to the request by sending Java applets or ActiveX controls to the 
web client. This method is the process that occurs in an interactive map application. The result can 
be executed by using plugins on the client side. Another method is to send the request to other 
programs to execute the result. If the request needs to be executed in another program, then an 
application server is needed (Peng and Tsou, 2003). 
An application server is also an intermediate layer. It connects several software components with 
the web server (Shekhar and Xiong, 2008), and presents itself as a translator between the web server 
and the map server. It can establish, maintain and terminate the connection between the web server 
and the map server. It can also interpret and manage requests from the client side and send them to 
the map server (Peng and Tsou, 2003). 
CGI application can be used in the application server to enhance functionality (Peng and Tsou, 2003). 
CGI stands for Common Gateway Interface. It is a standard method for an application server to run 
executable applications. It could be written in any programming language or scripting language 
(Shekhar and Xiong, 2008). As an example, MapServer (which is an open source program, different 
from the term Map Server in 4.4) is a CGI program which could be embedded in the application 
server to display dynamic spatial maps (MapServer, 2013). When a user sends a request from the 
browser to the MapServer, it uses the information to generate a requested map. As a CGI program, 
the requested map not only contains a picture of the map but also includes the images for legend and 
scale bar, etc. 
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4.4 Map Server 
A map server is an important component of a web mapping application. It is used to perform spatial 
queries, make spatial analyses, generate maps and deliver the final map to the users (Peng and Tsou, 
2003). For example, ArcGIS Server, which is developed by ESRI (Environmental Systems Research 
Institute), is a kind of map server. It provides the traditional GIS functions such as data extraction 
and spatial analysis, etc. It can also analyze requests from the user and generate a map for map users.  
The output of a map server can be of two kinds. One kind is a simple map image, such as raster files 
in the formats JPEG, BMP and PNG. Another kind is to generate a map composition which 
combines several layers. Each layer contains one or several elements or features, such as color, 
legend and scale bar and so on (Peng and Tsou, 2003). 
Generally speaking, a map server has several basic functions. First, it can produce a symbolized map 
with the user’s request. Second, it can respond basic queries about the content and attributes of the 
map. Third, it can extract data from the map database which the user requests. Fourth, it can make 
spatial analyses such as buffering and overlay. Fifth, it can communicate with other programs to 
know what kind of service and data the program can query. Sixth, it can provide an interface for the 
user to publish the data. Last, it can pass the request to other map servers to make other analyses 
(Peng and Tsou, 2003). 
4.5 Map Data Server 
A map data server is the component that stores and manages the data for web mapping applications. 
It contains not only the database but also the database management system (Peng and Tsou, 2003). 
A database is a container that stores the data and the relationship between the data (Beighley, 2007). 
A database management system is a software application that is used to create, organize, query and 
update the database. There are mainly three types of database management systems are available for 
GIS users. They are relational database management systems (RDBMS), object database 
management systems (ODBMS) and object-relational database management systems (ORDBMS) 
(Longley, 2005).  
The client side or the web server acquires data from the data server by using SQL (Structured Query 
Language). Therefore, a data server is often called an SQL server. As different server vendors may 
use different versions of SQL, there is often database middleware used to access different databases. 
The three commonly used database middleware are Open Database Connectivity (ODBC), Java 
Database Connectivity (JDBC) and Object Linking and Embedding, Database (OLE DB) (Peng and 
Tsou, 2003).  
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5 HTML5, JavaScript & CSS3 
5.1 HTML Introduction 
Hypertext Markup Language (HTML) is a markup language which is used to construct a web page 
and present the information of a web page in a web browser (Raggett, 1998). HTML is developed 
by World Wide Web Consortium (W3C), which is an international standard organization, and the 
Web Hypertext Application Technology Working Group (WHATWG), which is organized by the 
people who are interested in evolving HTML and related techniques (Lawson and Sharp, 2011). 
Another HTML version is the Extensible Hypertext Markup Language (XHTML) which writes the 
HTML code as Extensible Markup Language (XML) developed by W3C (W3Schools, 2013). 
Several versions of HTML have been developed since the first document called “HTML tags” was 
mentioned by Tim Berners-Lee, who is also considered as the inventor of the World Wide Web, in 
the year 1991. In 1995, HTML 2.0 was introduced to developers. Two years later, in 1997, a new 
version called HTML 3.2 was published by W3C. In 1997, the fourth version of HTML (HTML 4.0) 
was published at the recommendation of W3C (Raggett, 1998). In 1999, HTML 4.01 was published. 
In 2012, W3C published the candidate version of the HTML standard, HTML5 (Robbins, 2013). 
HTML is written with a set of HTML elements. An HTML element is composed of a start tag, an 
end tag and everything that is in between (Robbins, 2013). An HTML tag is written with angle 
brackets. In an HTML web page, tags always appear in pairs, with a start tag and an end tag. A start 
tag is written in angle brackets with the name of the element, while the end tag is written using the 
same name as the start tag, but with a slash in front of the element’s name, such as <html>…</html>, 
which is used to distinguish from the start tag. Figure 5.1 shows some HTML elements written in 
an HTML file.  
 
Figure 5.1. Structure of an HTML file. 
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HTML elements are the most important part of an HTML file. They define the structure of a web 
page, the word style that displayed on the screen and can embed pictures or videos in a web page, 
etc. (Robbins, 2013). An HTML file has a certain structure that starts with an html tag and ends 
with a /html tag. It usually contains two parts: the head element and the body element.  
In the head element, the main information is stored, such as the metadata, title and some JavaScript 
programs, etc. The file is read from the beginning to the end. So some other elements which also 
should be loaded first are stored in the head element, such as Cascading Style Sheets (CSS).  
After the head element is the body element. The body element stores all the contents of an HTML 
file, such as text, tables and lists, etc. In the body element, a set of elements could be embedded. 
For editing the text, the p element is used to define the paragraphs. The h element is used to define 
the section headings. The section headings could also be set in different levels. To do this, just adds 
a number behind the h tag, such as h1 or h2. When editing a media source, such as embedding a 
picture in a web page, there is an img tag that is used. So, with the help of the different HTML 
elements, a well-designed web page could be rendered in a web browser to present to web users. 
There are several characteristics of Hypertext Markup Language. First, it is a simple and easy 
language. It is very easy to use and understand by the developer. Second, graphics can be easily 
added in the web page. So, this may enhance the presentations and make them more vivid and 
interesting. Third, it can run on all platforms, such as Mac OS, Windows OS and Linux OS. So, 
users can view web pages with any computer or mobile phone. 
5.1.1 HTML5 
HTML5 is the 5th version of Hypertext Markup Language standard developed by both W3C and 
WHATWG. It is aimed at replacing the previous HTML standard, HTML 4.01, which was published 
in 1999 and has not been updated since 2000. The new standard was first established by the Web 
Hypertext Application Technology Working Group (WHATWG) in 2004. In 2012, the candidate 
version was published. W3C plans to release the stable HTML5 specification by the end of 2014 
(Pilgrim, 2103). 
The core aim of HTML5 is to improve the ability to support the latest multimedia formats and reduce 
the needs for plugins (e.g. Flash, Microsoft Silverlight and Oracle JavaFX) to keep web pages easy 
to read by both humans and computers. 
There are many functions for drawing in HTML, such as Canvas, SVG and VML. Canvas element 
are used to draw graphics directly on a web page based on bitmap graphs. It does not require the 
installation of any plugins in the browser to draw and render graphics on the web page (Fulton and 
Fulton, 2011). SVG stands for Scalable Vector Graphics. It is an XML based mark-up language. It 
is also the best method for drawing vector graphics on a web page. In the HTML5 specification, 
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inline SVG is supported. This means SVG could be directly embedded in an HTML web page 
(Dailey et al., 2012). VML is the abbreviation for Vector Markup Language. It is a mark-up language 
based on XML. Only Internet Explorer support this language, so it is not commonly used by 
developers. 
HTML5 has added many new elements to enhance its ability to render web pages for users. These 
include audio, video and canvas (Pilgrim, 2103). The audio element and the video element 
are two elements which are used to embed audio and video in a web page. In previous version of 
HTML, in order to run an audio or video clip, a plugin need to be installed. For instance, an audio 
file always runs in Windows Media Player Plugin for Windows users, and for video files, Flash 
plugin is most often chosen. When the new elements are added, most of the plugins could be dropped 
from web browsers. 
5.1.2 Canvas Element 
The canvas element, which is a new element added in HTML5, is used to draw graphics directly 
on a web page. It was first introduced by Apple in the Mac OS X WebKit component in 2004. And 
now, most of browsers, such as Internet Explorer, Firefox, Opera, Chrome, and Safari, support this 
element. 
The canvas element is only a graphics container. That means it cannot draw any graphics by itself, 
and it needs the help of JavaScript (Fulton and Fulton, 2011). The canvas element only defines the 
area where the graphics are placed by defining width and the height and using CSS to define its 
position. After the canvas is set up, graphics could be drawn onto it with a set of JavaScript 
programs. With the help of JavaScript, dynamic graphic can be rendered in the browser. And several 
functions can be achieved, such as drawing a line, a circle and filling in colors for a rectangle or 
circle. Text could be drawn in the canvas element and also pictures can be added in it. The 
getContext() method returns an object that provides methods and properties for drawing on the 
canvas. 
Canvas 2D 
HTML Canvas 2D Context is a JavaScript API which is used to draw 2D graphics on the Canvas 
element. It is a separate specification from HTML. It works with the command getContext("2d") 
(Fulton and Fulton, 2011). 
The following figure (Figure 5.2) shows an HTML clip which is used to draw a rectangle on a 
canvas element. The first line gives the canvas element the name myCanvas. Then, uses 
JavaScript to draw a rectangle on the canvas starting from line 2. Before drawing the rectangle we 
have to let the computer know where to put this graphic. So, line 3 gives the information: draw the 
graphic on myCanvas. The 4th line uses getContext('2d') to define what kind of graphic should 
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be drawn, in this case it uses 2d to draw a 2D graphic. Line five uses fillstyle to fill the color of 
the rectangle. In line six, a rectangle is drawn with the upper-left corner’s position at (0, 0), with 
width 80 and height 100. The running result of the code is presented in Figure 5.3. 
<canvas id="myCanvas"></canvas> 
<script> 
    var c=document.getElementById('myCanvas'); 
    var ctx=c.getContext('2d'); 
    ctx.fillStyle='#000000'; 
    ctx.fillRect(0,0,80,100); 
</script> 
Figure 5.2. Canvas draw a 2D rectangle 
 
Figure 5.3. The result of running the code in Figure 5.2. 
 
Canvas 3D 
At this stage, there is no specification developed by W3C or WAHTWG to draw 3D objects on the 
Canvas element. However, the Canvas element could use WebGL, which is a JavaScript API for 
rendering interactive 3D graphics (Danchilla, 2012), to present 3D contents. It will work using 
getContext("webgl") to define the object (Pfeiffer, 2011). 
A couple of JavaScript libraries have also been developed to help developers to use WebGL to draw 
3D figures. These include Curve3D, O3D, Three.js and X3DOM. These JavaScript libraries are used 
to reduce the complexity and increase the speed when coding with WebGL. Because WebGL works 
directly with the GPU, it is hard to code (The Khronos Group, 2011). 
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5.2 JavaScript  
JavaScript was first introduced and developed by Netscape, which is a US computer services 
company. In the beginning, Netscape developed a language named LiveScript which was used to 
add some basic scripting capabilities to their web browser products. When they added some support 
for Java applets on their later product (called Navigator 2), they changed the name from LiveScript 
to JavaScript (Mastering JavaScript 1997). 
JavaScript is a script-based programing language that is used by web developers to enhance the 
functionality of web applications. It can be used on both the client side and the server side. On the 
client side, it is used to develop some dynamic web pages which can be directly executed by web 
browsers. On the server side, it can be used to create programs to process information delivered 
from the client side and then return the result to display on the user’s browser (Mastering JavaScript 
1997).  
JavaScript can either be embedded directly into an HTML file or stored as a separate file. When 
programing with JavaScript it is always presented in an HTML file in the script element. Within 
the start tag, the language attribute is set to JavaScript to identify the script language. When 
JavaScript is stored as a single file, it uses a filename extension .js. When using .js files, the script 
tag is required to import the functions to the HTML file. A src attribute is needed to tell the HTML 
file where the js file is located (Mastering JavaScript 1997). 
Figure 5.4 shows an example where JavaScript is directly embedded in an HTML file. The HTML 
file is called Test1.html. When the file is executed, a sentence (Hello GIS!), will be displayed on the 
browser. Figure 5.5 shows a .js file which contains a JavaScript program embedded in an HTML 
file. The HTML file is called Test2.html, while the .js file is named write.js. When Test2.html file is 
executed, the write.js file will be loaded. This will print the sentence on the user’s browser. 
 
Test1.html 
<html> 
 <body> 
 
  <script type="text/javascript"> 
  document.write(" Hello GIS! "); 
  </script> 
 
 </body> 
</html> 
Figure 5.4. JavaScript embedded in an HTML file. 
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Test2.html write.js 
<html> 
 <body> 
 
  <script src="write.js"> 
  </script> 
 
 </body> 
</html> 
document.write(" Hello GIS! "); 
Figure 5.5. JS file embedded in an HTML file. 
Actually, Test1.html and Test2.html return the same result to the user. But in practice, Test2.html 
with the write.js file is normally preferred. This is because using a .js file avoids redundancy and 
increases efficiency. For example, if there are ten HTML files that want to use the same function, 
the developer will not need to write the same code in each file. Instead, just write a .js file and import 
it when needed. This not only saves coding time but also saves space for storing the code. 
5.2.1 Dojo Toolkit 
Dojo Toolkit is an open source modular JavaScript library which can be used to help developers to 
improve efficiency in developing web applications and web pages (Mounts, 2009). It has been used 
in many web applications and JavaScript APIs, such as ArcGIS API for JavaScript.  
Dojo Toolkit can be separated into five parts: Base, Core, Dijit, Dojox and Util (Mounts, 2009).  
 Base is the kernel of Dojo.  
 Core constructs on Base and supply additional facilities.  
 Dijit is short for Dojo widget. It is a library that contains many JavaScript files, ready for 
the user to use.  
 Dojox is the extension part of Dojo, which contains the modules that are not stable for use 
in Dojo or Dijit.  
 Util contains the build tools, such as optimization, documentation, style-checking, and 
testing tools. 
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5.3 CSS 
CSS is short for Cascading Style Sheets. It is a style sheet language used to describe the visualization 
of a web page, including colors, layout, and fonts. It allows web pages to adapt the presentation to 
different types of devices, such as large screens, small screens, or printers. It is usually used in an 
HTML file. However, it can also be used to present some XML based documents such as SVG 
(McFarland, 2012). 
The first version of the CSS specification was published in 1996. At that time, no browser could 
support all its functions. It applies functions such as setting font properties, defining text color, 
setting alignment of text and defining the position of the elements, etc. (Blansit, 2008). 
The CSS level 2 specification was developed by W3C and published in 1998. It brought some 
properties such as using absolute, relative and fixed to define the position of the elements. It also 
added a z-index and more properties in this specification. CSS level 2 vesion1 also called CSS2.1 
was lately released a Candidate Recommendation in 2004, but it was reverted to a Working Draft in 
2005. Finally became a W3C Recommendation in 2011 (Johnson, 2013). 
5.3.1 CSS3 
CSS level 3 was first published as a draft in 1999. Unlike previous CSS versions, CSS3 is divided 
into several separate documents. Each document is called a module. Four of these modules have 
been made formal recommendations by the end of May, 2013. They are Media Queries, Namespaces, 
Selectors Level 3 and Color (Johnson, 2013). 
There are some new features added in CSS3. These include Rounded Corners, Background 
Decoration, Colors, Text Effects and Web Fonts. Rounded Corners is used to change the four angled 
corner of a rectangle to rounded corners. Background Decoration can be used to define the 
background of the content. Colors imported some new color schemes such as HSL, HSLA and 
RGBA. Text Effects added some properties for visualizing text, such as text shadow. Web Fonts 
introduced many new collections of web fonts (Grotophorst, 2012). 
Some powerful functions are also added in CSS3, such as 2D and 3D animation, which are used to 
aid HTML5 to replace plugins such as Flash and reduce the use of JavaScript. 2D and 3D animation 
can use CSS to present many animation effect for both 2D and 3D graphics, such as rotate and fade 
in/out. However, CSS3 animation is not supported by all browsers. Only the newest browsers, such 
as Internet Explorer 10, can render these effects. So, at this stage, using these functions are limited 
(Grotophorst, 2012).
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6 ArcGIS for Server 
6.1 Introduction 
ArcGIS for Server is a GIS software package developed by ESRI (Environmental Systems Research 
Institute), which is an international supplier of GIS software products. ArcGIS for Server is one of 
the core products of the ArcGIS Software products family. It provides the platform for sharing GIS 
resources, such as spatial data and maps with users through the Internet. It works on a server 
computer, by receiving and processing the requests from devices such as computers, tablets or 
mobile phones, sending back the results to the requesting devices (ESRI, 2013j). 
The architecture of a web mapping application which is built with ArcGIS for Server is shown in 
Figure 6.1. From the figure, we can see that web mapping applications contain several components, 
such as web clients, a web server, a web adapter, a GIS server, a data server, a publisher that 
publishes the service, and a GIS server administrator who manages the server side of the whole 
application (ESRI, 2013e). 
 
Figure 6.1. The architecture of a web site constructed with ArcGIS for Server (ESRI, 2013e). 
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An ArcGIS Server site refers to an installation of ArcGIS for Server (Law, 2013). The purpose of 
an ArcGIS Server site is to receive and execute the requests sent from the client side, and return 
results to users (ESRI, 2013e). Figure 6.1 in the dashed box shows the components that constitute 
an ArcGIS Server site: a GIS server, a web adaptor, a web server and a data server. A GIS server is 
the main part of an ArcGIS Server site. In a single ArcGIS Server site, there should be at least one 
GIS server. The GIS server is used to fulfill the requests to the web mapping application. It can serve 
many functions, such as drawing maps, making spatial analyses, query data, etc. Every request sent 
from the client side is handled by the GIS server (ESRI, 2013e). A web adaptor is used to integrate 
the ArcGIS Server with the customers’ enterprise web servers, such as Microsoft IIS and Oracle 
WebLogic (Law, 2013). It receives requests from a common URL, and passes the requests to 
different GIS server machines in the same ArcGIS Server site (ESRI, 2013e). An ArcGIS Server site 
may contain many web adaptors, but a web adaptor can only be configured for one ArcGIS Server 
site (Law, 2013). A web server can be used to host web applications, such as ArcGIS Viewer for 
Flex and ArcGIS Viewer for Silverlight (Law, 2013). A data server is used to store GIS data 
resources. The data can be stored directly on the GIS server or using a central data repository (e.g. 
a network folder or an ArcSDE geodatabase). The data stored in the data server can be any kind of 
data, including maps, globes and geodatabases (ESRI, 2013e). 
An ArcGIS Server site can be set up with a single machine or a multiple machine architecture, and 
it can be run in both Windows and Linux operating systems (Law, 2013). A single machine 
architecture is constructed with only one machine which has the ArcGIS for Server application 
installed. With a single GIS server, the ArcGIS Server site can be used for finishing simple tasks, 
such as sharing resources and solving easy problems. But when working with large data sets and 
different types of data, a multiple machine architecture is always the best choice. Multiple machine 
architecture means that the ArcGIS for Server software is installed on several server machines, and 
these machines are combined together to set up the ArcGIS Server site. In practice, there are two 
types of multiple machine architectures: One type manages the GIS servers independently, another 
type combines the GIS servers into clusters (ESRI, 2013b).  
A typical multiple machine ArcGIS Server site is constructed as Figure 6.2 shows. In this example, 
there are 3 GIS servers working in this ArcGIS Server site. Each GIS server has installed the ArcGIS 
for Server software and works independently, but they share the same web adapter. The web adapter 
is the single point which passes the requests from the client side to the GIS servers. When the 
requests are sent to the web adaptor, the web adaptor will automatically choose one GIS server to 
fulfill the request. Then the GIS server sends the result back to the user through the web adaptor. 
The advantage of using this type of architecture is that more GIS servers make the service more 
stable. If one GIS server is not working for some reason, the other redundant GIS servers will 
continue to function. So, the whole service would not be effected (Law, 2013).  
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Figure 6.2. Multiple machine ArcGIS Server site architecture (Law, 2013) 
GIS servers could also be grouped into different clusters in a multiple machine ArcGIS Server site 
(ESRI, 2013b). A cluster refers to a logic grouping of machines, which are configured with the same 
hardware specification (Law, 2013). An ArcGIS Server site must contain at least one cluster. When 
first installing ArcGIS for Server, it will automatically set up one default cluster. Each cluster can 
be used to manage a particular service. For example, Figure 6.3 shows an ArcGIS Server site which 
is constructed with three GIS servers. They are grouped into two clusters, cluster A and cluster B. 
In this case, cluster A is used to run all the map services, while cluster B is used to run the 
groprocessing services. So, when the web adaptor receives a request, it will analyze the request and 
identify the appropriate cluster to solve the problem (ESRI, 2013b). 
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Figure 6.3. Multiple machine ArcGIS Server site constructed with 2 cluster (ESRI, 2013b) 
Personnel are also important components in an ArcGIS Server site (ESRI, 2013e). After the software 
and hardware are set up, the service cannot function without the people who manage the service, 
publish the data and maintain the service. To perform this work, ArcGIS Server site administrators, 
ArcGIS for Desktop content authors and publishers and application developers are needed.  
The ArcGIS Server site administrator is the person who installs the software and configures the web 
application (ESRI, 2013e). When installing ArcGIS for Server software, a single operating level 
account is needed. The default name is set to ArcGIS Server account. The ArcGIS Server site can 
be accessed from three points by the administrator: ArcGIS Server Manager (Figure 6.4), the 
Services Directory (Figure 6.5), and the ArcGIS Server Administrator Directory (Figure 6.6) (Law, 
2013).  
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Figure 6.4. ArcGIS Server Manager is a web browser based application which is used to manage the 
web service, configure the properties of the site, as well as provide access to query and view logs. 
 
Figure 6.5. The Services Directory is a web browser-based web page which used to view all the GIS 
resources that are available from the site. 
 
Figure 6.6. The ArcGIS Server Administrator Directory is usually called the REST admin API, and is 
used to view the settings of the ArcGIS Server site's configuration. 
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ArcGIS for Desktop content authors and publishers are the persons who publish the GIS 
resources such as maps and geodatabases to the site. The authors use ArcGIS for Desktop 
(e.g. ArcMap, ArcCatalog, and ArcGlobe) to edit and update GIS resources. After the 
resources are ready, the authors could use the ArcGIS for Desktop software to directly 
publish the data to the server (ESRI, 2013e). Figure 6.7 shows ArcMap which can be used 
to edit and publish the data to the site. 
 
Figure 6.7. GIS resources are edited and published from ArcMap. 
Application developers develop the web application, which helps the users easily access data which 
is stored on the ArcGIS Server site. The client side can be a desktop, web or mobile device. So, a 
number of APIs are available for the developers to choose from for supporting different clients, such 
as ArcGIS Web Mapping APIs (ESRI, 2013e).  
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6.2 ArcGIS Web Mapping APIs 
API is the acronym for application programming interface. It is a set of data or instructions for 
improving the interactions between programs or applications (Kail, 2013). A Web API is the 
connector between the client and the web service. Using a Web API, a web service can be directly 
manipulated by the client (Masse, 2011). Figure 6.8 shows the workflow of a Web API working in 
a web application. When the client requests information, it directly talks to the Web API. Then, the 
Web API retrieves the results from the web service and returns the final results to the client. Web 
APIs provide an easy way to use a web service. For example, any kind of web application can access 
the Google Maps service by using the Google Maps API. The developers do not need to know how 
the service works, but they can access the service freely. 
Client Web API Web Service
Request
Response
 
Figure 6.8. How a Web API works in a web application (Masse, 2011). 
ESRI offers several Web APIs for developers to construct their web mapping applications, such as 
ArcGIS API for JavaScript, ArcGIS API for Silverlight and ArcGIS API for Flex. ArcGIS Web 
Mapping APIs are built for developers to enhance the capabilities of their web mapping applications 
to access map services. The three APIs are for different web mapping applications to use. ArcGIS 
API for JavaScript is for applications which are built with HTML and JavaScript. ArcGIS API for 
Silverlight is for applications which are built with Silverlight. ArcGIS API for Flex works with the 
Flex framework (ESRI, 2013i). 
ArcGIS Web Mapping APIs provides many tools and widgets. The users can use the API’s tools to 
access some powerful functions. These include query functions, which are used by a user to query 
data from an ArcGIS service; and geoprocessing, which is used to manipulate with spatial data. It 
also provides some widgets, such as basemap, which contains many kinds of background maps; map 
components, including the zoom bar, legend and scale bar, etc.; and edit widget, which can be used 
to edit and update the data directly from client application (ESRI, 2013a). 
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6.3 ArcGIS API for JavaScript 
The ArcGIS API for JavaScript is a development tool used to embed GIS resources, such as maps 
and spatial data, in a web application. It was first introduced in ArcGIS Server 9.3 (ESRI, 2013c). 
With ArcGIS API for JavaScript, a web application can directly interact with the user’s action. For 
instance, when the user clicks on a house, it will automatically select the house and highlight the 
object. The client side does not need to wait for the response of the GIS server. It works immediately 
on the client side (ESRI, 2013c). 
The ArcGIS API for JavaScript contains four kinds of resources: maps, graphics, tasks and accessing 
to the dojo toolkits or other libraries (ESRI, 2013c). The maps resources include two types of maps, 
dynamic maps and tiled maps, and they can be displayed in any projections. The graphics resources 
means a JavaScript API that supports users, so they can draw graphics by themselves. Users can 
draw any kinds of graphics directly on the web application, such as points, lines and polygons. For 
task resources, the JavaScript API supports common GIS tasks, such as querying and finding a 
location, etc. For enhancing the functionality, ArcGIS API for JavaScript also supports some 
powerful JavaScript libraries. These libraries can be used directly in the web applications (ESRI, 
2013c). 
The ArcGIS API for JavaScript is supported by the REST API; it is able to retrieve information from 
the ArcGIS Server (ESRI, 2013f). REST stands for Representational State Transfer. It is a commonly 
used web architectural style (Masse, 2011). The ArcGIS REST API provides Uniform Resource 
Locators (URLs) to make the service accessible by a web application. For example, when a service 
is published, it can be accessed from a unique URL (e.g. http://...xxx.../argis/rest). Thus, if a web 
application needs to access the service, this URL will simply direct the service to the web application 
(ESRI, 2013d). Figure 6.9 shows the workflow of a web mapping application developed by ArcGIS 
API for JavaScript. 
ArcGIS Server REST API Web Application
JAVASCRIPT 
API
 
Figure 6.9. ArcGIS API for JavaScript workflow (ESRI, 2012). 
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The ArcGIS API for JavaScript is built based on the Dojo Toolkit (ESRI, 2013f). The Dojo Toolkit 
is directly embedded in the ArcGIS API for JavaScript. When using the ArcGIS API for JavaScript, 
users do not need to download or host any other external Dojo libraries. Different versions of the 
ArcGIS JavaScript API may contain different Dojo libraries. For example, ArcGIS API for 
JavaScript 1.0 uses Dojo 1.1.0, while ArcGIS API for JavaScript 1.6 uses Dojo 1.4.1. In general, the 
user should use the Dojo toolkit which is integrated in the API. But the API also supports the user 
using an external Dojo libraries, in order to keep the Dojo library up to date (ESRI, 2009). 
With the robust Dojo Toolkit, a developer could simply develop some reusable tools or widgets 
which could be used by anyone, anywhere (ESRI, 2008). For example, the basemap in the ArcGIS 
API for JavaScript is a single widget which is used to change the background map for a web mapping 
application. When the widget is first developed by a developer, the widget is set as a reusable source 
and placed in the dijit folder in Dojo toolkit. Then next time, when a user develops a new web 
application, they do not need to write the code again, they just require the widget directly from Dojo 
Toolkit. This reduces the development time for users and makes the JavaScript API more powerful. 
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6.4 ArcGIS visualization using a time-aware layer 
ArcGIS 10 provides a time-enabled layer which can store spatio-temporal information (ESRI, 
2013g). The time information can be set in the property of the layer. When the time period is set, 
the user can use a time slider to view the change of data during the defined time period. The time 
slider is contained in ArcMap and ArcGIS Online. And it also can be added to web applications 
developed with JavaScript, Silverlight and Flex. 
The time period information can be added in ArcMap if the layer does not contain the information 
(ESRI, 2013h). Figure 6.10 shows how to enable time information in a layer. The function can be 
found in the layer’s properties. When opening the properties, there are some tabs, such as General, 
Source and Selection, etc. When clicking on the Time tab, check the box enabling time on this layer. 
Then, this layer is time enabled. There are many properties that can be set, such as defining the start 
time and the end time, defining the time format and time interval, and setting the time zone of the 
layer.  
 
Figure 6.10. Enable time on a layer. 
After the time property is set, the layer can be presented as animation in both ArcMap and the web 
applications which are developed with ArcGIS API. So, that would be an easy way to visualize the 
data as an animation.  
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7 Case Study 
The SEDD Map previous version is a powerful interactive web mapping application. It is used to 
visualize and analyze data stored in the SEDD database. However, the previous version of SEDD 
Map has some limitations. First, it was developed using Silverlight. Therefore, it could not be 
accessed by portable devices and browsers which do not support the Silverlight Plugin. Second, the 
geographic data of the SEDD Map are taken from four independent historical maps. It contains too 
little time information to visualize as animation. This case study aims to solve these two problems. 
7.1 Aim 
The aims of this case study are: 
a. Fulfill the requirements which are set up in section 3.1 to develop an improved version of SEDD 
Map.  
b. Improve the compatibility of SEDD Map for different platforms and browsers. 
c. Improve the visualization of geographic data which are taken as snapshots from four historical 
map series during the period from 1757 to 1915. 
7.2 Study area 
The case study area is located near the parishes of Kävlinge and Hög (Figure 7.1), which are two 
parishes belonging to Kävlinge municipality, located in Scania in southern Sweden. This case study 
only uses parts of the SEDD data derived from these two parishes. 
 
Figure 7.1. Study area of this case study.  
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7.3 Data 
The geographic data was digitized by others from historical raster maps, and stored as vector data 
in ESRI shape files in an earlier SEDD Map project. The files contain information mapping houses 
and properties for the two parishes at four times. The spatial reference system of the geographic data 
is SWEREF 99 TM. Below we list the layers of the vector data. Descriptions of the historical maps 
are given in Section 2.2. 
EM_1910_1915_House_Hog_Kavlinge layer and EM_1910_1915_PropertyUnit_Hog_Kavlinge 
layer cover the period 1910 to 1915. They were digitized into vector data from several raster 
economic maps. EM_1910_1915_House_Hog_Kavlinge layer contains the house information. The 
houses were digitized to points and contain the information such as from which map a feature was 
digitized and to which parish they belong. EM_1910_1915_PropertyUnit_Hog_Kavlinge contains 
the property unit information. The property units were digitized into polygons. The attribute of the 
layer contains the same information as the house layer. But two more columns are used to store the 
address of the properties. 
TM_1860_1865_House_Hog_Kavlinge layer contains the houses information from the year 1860 to 
1865. The layer was digitized from a series of topographic raster maps. The houses are presented as 
points in the layer. The information contains such as the origin of map’s name, year and the name 
of the parish. 
MTSM_1812_1820_House_Hog_Kavlinge layer was digitized from military topographic survey 
maps made during the years 1812 to 1820. The layer contains the houses information during that 
period. The houses were digitized into polygons. The attributes of the shape file shows from which 
map the house was digitized and also in which parish the house belongs. 
LSM_1757_1863_House_Hog_Kavlinge layer and LSM_1757_1863_PropertyUnit_Hog_Kavlinge 
layer were digitized from land surveyor maps, and cover the period from 1757 to 1863. They were 
all digitized into polygons. The LSM_1757_1863_House_Hog_Kavlinge layer contains the house 
information while the LSM_1757_1863_PropertyUnit_Hog_Kavlinge layer contains the property 
information. The house layer contains the information such as from which map it was digitized, the 
address of the house, how many people lived there, etc. The property layer contains information 
almost the same as the house layer. Moreover, it also contains the area information for each property. 
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7.4 Method 
Animation is a useful tool to visualize spatio-temporal data. Most of the web mapping applications 
which are used to visualize and analyze spatio-temporal data contain an animation function (see 
Table 3.4). In this case study, we provide a way to enable animation in the SEDD Map for presenting 
historical geographic data. 
The geographic data in the SEDD Map are taken from four independent historical maps. Figure 7.2 
shows the four maps (see details in section 2.2) in a time line. These maps are taken from the map 
series: Land Surveyors Maps (LSM), Military Topographic Survey Maps (MTSM), Topographic 
Maps (TM), and Economic Maps (EM). 
EMTMMTSMLSM
1757 1812 1860 1910
(Year)
 
Figure 7.2. Geographic data in the SEDD Map are collected in four independent historical maps. 
For presenting the geographic data as animation, we need large quantity of sequential data. However, 
the data in this case study are limited. So, we have to find a method to generate intermediate data. 
For example, if we want to visualize the data from 1757 to 1812, we have to approximate the 
situation in between them (Figure 7.3). So, to generate these maps requires a new strategy. 
MTSMLSM
1757 1812
(Year)
 
Figure 7.3. Generate maps between 1757 and 1812. 
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The in between maps could be generated by using the register data. For instance, the geographic 
data have been digitized from the four historical maps. Then, we can use the identity information of 
the geographic data (e.g. name or address) to retrieve the time information from the demographic 
data in the SEDD database. Finally, the time information can be registered on the geographic data. 
So, when we present the map for a certain year, we just present the geographic data which contains 
the time information of that year. This is an in-progress work for integrating the geographic data 
with demographic data (Hedefalk et al., 2013). The method in this case study can be used when the 
data are ready. 
The historical maps and the demographic information are not collected at the same time. Therefore, 
the geographic data and the demographic data are not always completely matched. There are three 
cases that can occur when generating the maps. Here we take house layer as an example to show 
these three cases. In Figure 7.4, each house presents one case. 
LSM MTSM TM EM
House A
House B
Time
1757 1812 1860 1910
Generated 
map
Maps
1820
House C
1815 1818 1825
exists in geographic data exists in demographic data
exists in geographic data exists in demographic data
probability exists 
does not exist
 
Figure 7.4. Three cases when generate maps. 
The first case is that the house can be found in the map and also can be found in the demographic 
database, such as House A in Figure 7.4. House A is a house that exists on the LSM map in 1757. 
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In the demographic database, 1815 is the last year the House A is found. And it does not exist in the 
TM map in 1860. So, we can register the time information of House A as existing from 1757 to 
1815. However, this is not exactly true. This is because we do not have the enough information to 
confirm that House A was destroyed in 1815. So we have to find a way to simulate further 
information for House A.  
The second case is that the house can be found on the map, but it cannot be found in the demographic 
database, such as House B in Figure 7.4. House B is a house that exists in the MTSM map in 1812 
and also exists in the TM map in 1860. But we cannot find the demographic information of House 
B in the demographic database. For this case, we have to present House B when we generate maps 
from 1812 to 1860. While for the period from 1757 to 1812 and the period from 1860 to 1910, we 
still have to find a solution to simulate the unknown situation of House B in these maps. 
The third case is that we can find the demographic information of a house in the demographic 
database, but we cannot find the house on any of the historical maps, such as House C in Figure 7.4. 
House C is a house that only exists in the demographic database, we cannot find its geographic 
information on any of the maps. For this case, we cannot present it on the map. To solve this problem, 
we have to find more maps to get its geographic information, and change its situation to one of the 
first two cases. 
This work gives a solution to solve the first two cases. For example, if we want to generate the map 
for 1820: For House A, we can give it a probability value to estimate if it can be presented on the 
map in 1820. For House B, we can directly present it on the map in 1820. But for the third case, we 
cannot find any geographic information about the House. Hence, even if it existed in that year, we 
cannot present it on the map. Finally, for the year 1820, we generate a map with House A (with a 
probability value) and House B shown, but without House C. 
ArcGIS 10 provides the animation function to visualize time-aware data (section 6.4). But it only 
visualizes data which contains exact time information, such as House A from 1757-1815 in Figure 
7.4. From the visualization aspect, in this case study, the time information is a period. For instance, 
if we visualize the data from 1757 to 1812 using ArcGIS 10, it works as in Figure 7.5. It visualizes 
the LSM map from 1757 to 1811, then changes to the MTSM map to visualize another period. 
Though it can visualize the data with time changing, it still represents the data as four individual 
maps for the whole period. So, we cannot see any gradual changes in the data. 
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Figure 7.5. Visualize animation using ArcGIS time-aware layer. 
Interpolation is used to estimate the value of an unknown point by other known points (Harrie, 
2006). Linear interpolation is a simple form of interpolation (Figure 7.6). If we know at time t0 the 
likely value is P0, while at time t1 the likely value is P1, we can connect the two points as a straight 
line and get use Equation 7.1. Then using Equation 7.1, we can calculate the likely value of time t 
which is between time t0 and t1. 
tt0 t1
P0
Pt  
P1
Likely 
value
Time
 
Figure 7.6. Using linear interpolation to estimate the likely value (Phillips, 2003). 
𝑃𝑡 = 𝑃0 + (𝑃1 − 𝑃0)
𝑡−𝑡0
𝑡1−𝑡0
       (7.1) 
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To improve the time animation, we can use linear interpolation to simulate 159 maps from 1757 to 
1915. Each map represents a particular year. Each house is associated with a value to control the 
opacity to show the estimated probability of the house exists in the map for a certain year.  
This approach is combined with the first two cases in Figure 7.4. The method to generate maps can 
be grouped into three situations. 
The first situation is shown in Figure 7.7. In this situation, the house exist in both t0 and t1. So the 
house would exist in the map in the year t. And the P value for this situation is a constant value 1. 
Thus, we use Equation 7.2 for presenting this situation. 
𝑃𝑡 = 1          (7.2) 
The second situation works as below (Figure 7.8): There is a house in the year t0, we set the value 
with 1 (P0 = 1, in Equation 7.1). With time passing, it disappeared in the year t1, we set the value 
with 0 (P1 = 0, in Equation 7.1). So, to simulate the probability of the house existing in the year t, 
we can use the Equation 7.3 to calculate the value.  
 
𝑃𝑡 = 
𝑡1−𝑡
𝑡1−𝑡0
         (7.3) 
 
The third situation is shown in Figure 7.9. For this situation, there is no house exist in the year t0. 
So we set the probability value to 0 (P0 = 0, in Equation 7.1). And for the year t1 there is a house. 
Then we set the value with 1 (P1 = 1, in Equation 7.1). Therefore, we can calculate the P value for 
time t. 
 
𝑃𝑡 = 
𝑡−𝑡0
𝑡1−𝑡0
          (7.4) 
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year t0   year t (t0<t<t1) year t1
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Figure 7.7. Method to generate maps from year t0 to t1 - situation 1. 
HOUSE HOUSE
year t0 year t (t0<t<t1) year t1
Time
 
Figure 7.8. Method to generate maps from year t0 to t1 - situation 2. 
HOUSEHOUSE
year t0 year t (t0<t<t1) year t1
Time
 
Figure 7.9. Method to generate maps from year t0 to t1 - situation 3.  
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7.5 Implementation 
Figure 7.10 shows the architecture of the new version of SEDD Map. The web mapping application 
is constructed using the client-server model (see Chapter 4). The client side is developed using 
HTML5, CSS3, JavaScript (see Chapter 5) and ArcGIS API for JavaScript (see section 6.3). A web 
server is used to receive and send requests between the client side and the server side. The ArcGIS 
Server site (section 6.1) uses a one-machine architecture. The data are stored in the data server of 
the ArcGIS Server site and managed using ArcGIS for Desktop by the data manger and Publisher. 
Client
Web Server Web Adapter
Data manager & Publisher
REST API
GIS Server
Application 
Interface ArcGIS Server site
 
Figure 7.10. The architecture of the SEDD Map (new version). 
 
7.5.1 Development of the web mapping application 
The server side in this case study uses ArcGIS for Server 10.1 SP1. All the settings were set to 
default. After the server side was constructed, ArcGIS for Desktop 10.1 SP1 was used to manage 
the data and upload the data to the GIS server. Figure 7.11 shows the data managed in ArcGIS for 
Desktop. On the left side is the table of contents window, which contains information about the 
layers, such as the layer’s name and display status. In the middle is the main working area, where 
the layers are edited and updated. On the right side, the catalog window is located. In the catalog 
window, we can connect to the ArcGIS Server site in the GIS servers menu. After the data are 
updated, we can send the data directly to the GIS server.  
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Figure 7.11. Editing and uploading the data to ArcGIS server site. 
After the data were sent to the ArcGIS server site, we used the ArcGIS Server Manager to manage 
the services. Figure 7.12 illustrates the ArcGIS Server Manger managing the services which are 
running on the ArcGIS Server site. Using ArcGIS Server Manager, we can easily manage a service, 
for example restarting the SEDD Map service, or stopping the geometry service. We can also use 
the ArcGIS Manger to configure the properties of the site.  
 
Figure 7.12. ArcGIS Server Manager. 
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After the service was running, we used the ArcGIS REST Services Directory (Figure 7.13) to 
explore the data stored on the GIS server. From the ArcGIS REST Services Directory we can find 
detailed information about the service, such as which layers are contained in the service and the 
spatial reference of the service, etc. The ArcGIS REST Services Directory can be opened from an 
URL which is also the place where the REST API uses for retrieving data from the web mapping 
client side. 
 
Figure 7.13. ArcGIS REST Services Directory. 
 
When the data are ready, the next step is to use CSS3 to define the layout style of the new version 
of the SEDD Map application (Appendix A). All the buttons were set into the four corners to fit small 
screens devices, such as smartphones. The menu bar was designed using CSS3 transparency effect 
and CSS3 animation which are used to enhance the visualization of the mapping application. 
The next step is to add the functions to the styled HTML file (Appendix B). The functions were 
developed using JavaScript and the ArcGIS API for JavaScript. There are several functions has been 
added in this map application to fulfil the requirements, such as changing the background maps, 
controlling the display layers, search tool, animation, etc. A Canvas element is used to draw a pie 
graph e.g. to show the percentage of the property types for Hög in 1804.  
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7.5.2 Animation 
The data for the animation is created using linear interpolation (as described in Section 7.4) to 
generate the annual maps for the period 1757 to 1915. This work focuses on the house layers. 
The first step in generating the annual maps is to symbolize all the point houses with a square. There 
are four ESRI shape files containing the house information. Two layers represent the houses as 
points, while the other two represent the houses as polygons (Table 7.1). For enhancing the 
visualization effect, all the houses stored as points were symbolized with squares. 
 
Table 7.1. House shape in different layers. 
  ArcGIS Layer House shape 
EM_1910_1915_House_Hog_Kavlinge Point 
TM_1860_1865_House_Hog_Kavlinge Point 
MTSM_1812_1820_House_Hog_Kavlinge Polygon 
LSM_1757_1863_House_Hog_Kavlinge Polygon 
 
After the house shapes were symbolized, we have four independent maps as shown in Figure 7.14 
with the time period stated on Figure 7.15. After the map covering period was defined, we started 
the simulation portion.  
At this stage, the same house on each map are not linked. So, in this case study, we used Equation 
7.3 to simulate the maps. For the first three periods, take the period from 1757 to 1811 as an example, 
using Map A to simulate the annual maps between the years from 1757 to 1812. We defined the 
probability of the houses existing in 1757 to 1, and the probability of the houses existing in 1811 to 
0. 
For the last period, from 1910 to 1915, we do not need to make any changes for each year. This is 
because we do not know the future condition. For this period, it is treated as if the houses will exist 
at all times in the future. So, the value of each year during the last six years is set to 1. 
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Figure 7.14. Houses distribution during the four period from 1757 to 1915. 
 
Map B Map C  Map DMap A
1757 1812 1860 1910 1915
 
Figure 7.15. Final map covers period. 
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In the end, the final function to simulate the map for the year t is shown in Equation 7.5: 
𝑓(𝑡) =
{
  
 
  
 
1811−𝑡
1811−1757 
   ∗  𝑀𝑎𝑝 𝐴             (1757 ≤ 𝑡 ≤ 1811)
1859−𝑡
1859−1812 
  ∗  𝑀𝑎𝑝 𝐵             (1812 ≤ 𝑡 ≤ 1859)
1909−𝑡
1909−1860
  ∗  𝑀𝑎𝑝 𝐶              (1860 ≤ 𝑡 ≤ 1909)
 
         1         ∗  𝑀𝑎𝑝 𝐷              (1910 ≤ 𝑡 ≤ 1915)
     (7.5) 
Where t presents in which year to generate the map. So, it is an integral number. Map A (or B, C 
and D) presents which map that was used to generate the map. And the code to perform the equation 
is shown in Figure 7.16. In practice, the portability of the houses in the end year for each interval 
were set to 0.4 (instead of 0) to get a good visualization result.  
 
Figure 7.16. The code to perform Equation 7.5.   
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7.6 Results 
Figure 7.17 and Figure 7.18 show the web mapping application SEDD Map (new version) running 
on a computer and a portable device respectively. The functions of the mapping application are 
arranged in the four corners, so the position of the function will not change when changing from 
large screen to small screen. 
 
Figure 7.17. The SEDD Map (new version) running on a computer. 
 
Figure 7.18. The SEDD Map (new version) running on a portable device. 
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7.6.1 Evaluate against the requirements 
Coding languages and plugins 
The SEDD Map (new version) was developed using HTML5, CSS3, JavaScript and ArcGIS API 
for JavaScript. Modern browsers have native support for all of these technologies; there is no need 
to install any plugins to run this application.  
Cross-platform support 
The SEDD Map (new version) has been tested on both computer and portable devices (e.g. iOS 
devices and Android devices) with good results. 
Multiple Web browsers support 
Table 7.2 shows the browsers that SEDD Map (new version) supported. From the table we can see 
that all five main browsers can run this application. 
Table 7.2. The browsers which SEDD Map (new version) supports. 
 IE FireFox Chrome Safari Opera 
Windows YES YES YES YES YES 
Mac OS N/A YES YES YES YES 
Linux N/A YES YES N/A N/A 
Chrome 
OS 
N/A N/A YES N/A N/A 
iOS N/A YES YES YES YES 
Android N/A YES YES N/A YES 
 
Interactive visualization 
SEDD Map provides interactive visualization; when the user clicks on a property, SEDD Map 
retrieves its information. A Navigation tool is used to get the location of the device. This function is 
achieved by the Geolocation API. It is a real time location service to enhance the functionality of 
portable devices. There are also some tools for improving the interaction capabilities. These include 
the Zoom out/in button in the lower left quarter and the overview map in the lower right quarter 
(Figure 7.17). 
71 
 
Multiple maps based 
In the upper right corner, there is a Layers menu (Figure 7.17). This menu contains the layers that 
the application uses. The user can use this menu to change the display layers. There is also a Base 
Map function in the Tools menu which is used to change the background map of the mapping 
application. 
Animation 
Animation is used to visualize the houses’ distribution over time. The animation is presented with a 
slider. The slider is used to change the time to different years. As the time passes, we can easily 
identify the changes on the geographic data. Figure 7.19 shows the changes of a house when the 
animation is playing from 1812 to 1859. In the figure, on the left part, it presents the probability of 
the house would exist in the year 1812, while on the right part, it illustrate the probability of the 
same house existing in the year 1859. From the picture, we can say that the house has more 
possibility of existing in 1812 than in 1859. 
 
Figure 7.19. A house generated in the animation, shown in the year 1812 (left) and 1859 (right). 
 
Statistical graphics 
Figure 7.20 shows a pie chart which is drawn by the HTML5 Canvas element to present the 
percentage of the area for each property. It uses JavaScript to draw the static pie chart on the Canvas 
element.  
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Figure 7.20. Using Canvas to draw statistical graphics. 
Search tool 
In the Tools menu there is a search tool (Figure 7.21). The search tool is used to retrieve information 
from the database. For this study, it used to query the population and area of a property unit. 
 
Figure 7.21. Seach Tool in the SEDD Map (new version). 
Export functions 
SEDD Map HTML5 version could export maps as pictures, and save pictures in pdf format or JPEG 
format. 
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7.6.2 Comparisons between the SEDD Map previous version and the new version 
Table 7.3 and Table 7.4 show a comparison between the SEDD Map previous version and the SEDD 
Map new version.  
Table 7.3 shows the different technical solutions used in the two web mapping applications. From 
the table we can see that the two web mapping applications are developed with two different 
languages. The previous SEDD Map was developed using Silverlight, while the new version of 
SEDD Map was developed using HTML5 and JavaScript. Though they both can be accessed by 
multiple browsers, the new version of SEDD Map is more flexible. It does not require the installation 
of any plugins and can be run on both computer and portable devices. 
Table 7.4 shows the technical implementation detail differences between the SEDD Map previous 
version and SEDD Map new version. From the tables we can identify that both of the web mapping 
applications can achieve the basic functions that a web mapping application needs for visualizing 
and analyzing historical data. However, the new version of SEDD Map has a more powerful function 
when dealing with animation. This enhances its ability to visualize historical data. 
 
Table 7.3. Comparison between the two versions of SEDD Map – Technical solutions. 
 Coding Languages Plugin 
Cross-platfrom 
Supported 
Multiple Browsers 
Supported 
SEDD Map (previous) Silverlight Silverlight No Yes 
SEDD Map (new) HTML5 and JavaScript No Yes Yes 
 
Table 7.4. Comparison between the two versions of SEDD Map – Technical implementation details. 
 
Interactive 
Visualization 
Multiple Map 
Based 
Animation 
Statistical 
Graphics 
Search Tools 
Export 
Functions 
SEDD Map (previous) Yes Yes No Yes Yes Map 
SEDD Map (new) Yes Yes Yes Yes Yes Map 
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8 Discussions  
8.1 Web mapping with HTML5 
Web mapping applications developed using HTML5, CSS and JavaScript could replace most of web 
mapping applications built with plugins in the future. At least, in this case study, the new version of 
SEDD Map has the ability to replace the previous version of SEDD Map. 
Compared with the web mapping applications built with plugins, HTML5 web mapping applications 
have many advantages. First, they have cross-platform support. This means that the developer only 
builds one application that can run on all devices, though different devices may have different user 
interfaces. This can save a lot of time and money for web mapping providers. Second, the file size 
of an HTML5 application is relatively small. This reduces the loading time for web mapping users. 
Third, to develop HTML5 web mapping applications, developers do not need to use any unique 
software. They can be coded in any text editor. To develop Flash version or Silverlight based web 
mapping applications, the commercial software are needed, such as Adobe Flash and Visual Studio. 
There are also some disadvantages to HTML5 web mapping application. From a security aspect, the 
source code of the HTML web mapping application is easily accessed by users. All modern browsers 
have a debug function. By using this function, it is easy to see the origin code of web mapping 
applications from the client side. So, the source code of web mapping applications can be easily 
gained by others. Another problem is that the standard of HTML5 is only a candidate standard, and 
some functions are not supported in some browsers. So, this could be a problem for the developers. 
When developers develop web mapping applications, they have to test all functions in every browser. 
CSS3 is used to design the layout and enhance the visualization for web mapping applications. In 
this work, CSS3 transition and CSS3 animation are used to develop the menu bar. It works well in 
most of browsers, but in some early version browsers some functions (e.g. CSS3 animation) are not 
supported. So, for developing a good web mapping application, the developer has to fully understand 
its features. 
The HTML5 Canvas element gives a new way to draw graphics on the web sites. That is, it can be 
performed well without rendering using any plugins. It presents graphics as raster. So, it needs to 
be carefully treated when designing web mapping application for fitting all screen sizes (small 
screens and large screens). The canvas element is placed on the very top level of the browser. So, 
other elements cannot be displayed in the same place. 
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8.2 Animation 
This work only used a very basic approach to simulating the maps for each year to make animations. 
For each year, the houses in the map are given a value to show the probability that they existed. This 
value is used to set transparency of the houses to enhance the geographic data visualization when 
the time changes. 
In other words, it also means giving the house layer (geographic data) a time value which could be 
used to visualize the geographic data, in combination with the demographic data, which is stored in 
the SEDD database. Though the time information is not directly stored in the geographic database, 
we can use a slider as an intermediate to link the geographic data with the demographic data. For 
example, when clicking a house on the map, the ID or name of the house will be used to retrieve the 
data in the demographic database. So, all data about the house will be listed. Then we can use the 
slider to get a year value. When the slider changes to a year, the slider will return a value. The value 
can be used to retrieve the data from the returned list which is created by the house. So all the 
information for the house for that year would be selected. We can use the selected demographic data 
to draw a statistical graphic about that year, such as a bar chart. At the same time the map application 
simulates a map of that year. So we can use one slider to control both the geographic data changes 
and the demographic data changes. This enhances the time series presentation. 
The method to simulate houses can use for two kinds of houses. Figure 8.1 shows the two kinds of 
houses. We use House A and House B to present these two types. Each house presents one type. 
The first type is that the house can be found in the historical maps, which used to digitize the houses. 
And it can also be found in the demographic database (SEDD database). In the figure, we use House 
A to present this type. The second type is that the house can only be found in the historical maps. 
And we cannot find its demographic information in the database. In the figure, we use House B to 
present this type. 
For House A, to calculate its probability that exists in each year during the whole period, we can 
separate the whole period to two parts. Then, use linear interpolation to calculate its probability 
value for each year. For example, House A exists in the LSM (Land Surveyors Maps) map in the 
year 1757. The last year it occurs in the demographic database is 1815. And we cannot find its 
further information in the TM (Topographic Maps) map in 1860. So, we can separate the whole 
period from 1757 to 1860 to two parts. The first part is from the year 1757 to 1815. We set the 
probability value to 1 to the house for each year during this period. The second part is from 1815 to 
1860. For this period, we set the probability value of the house to 1 in the year 1815, and we set the 
probability value of the house to 0 in the year 1860. So, the probability of the house exists in each 
year during the year 1815 to 1860 can be calculate using linear interpolation. 
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exists in geographic data exists in demographic data
exists in geographic data does not exist
 
Figure 8.1 Two cases that can be solved. 
For House B, to calculate its probability that exists in each year during the whole period, we can 
divide the whole period into three parts. Thereafter, we can use linear interpolation to calculate its 
probability value for each year. For example, House B exists in the MTSM (Military Topographic 
Survey Maps) map in the year 1812 and exists in the TM map in the year 1860. We cannot find its 
information neither in the LSM map in the year 1757 or in the EM (Economic Maps) map in the 
year 1910. So we can divide the whole period from 1757 to 1910 to three parts. The first part is from 
1757 to 1812, the second part is from 1812 to 1860 and the last part is from 1860 to 1910. For the 
first part, we can set the probability value of the house to 0 in the year 1757, and set the probability 
value to 1 in the year 1812. Then, the probability of the house exists in each year during 1757 to 
1812 can be calculated. For the second part, we can confirm that the house exists during this period. 
Thus, we set the probability of the house exists in each year during this period to 1. For the last part, 
we set the probability value of the house to 1 in the year 1860 and the probability value of the house 
to 0 in the year 1910. Then, the probability of the house exists in this period can be calculated. 
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Finally, combine the three parts, we get the probability of the house exists for each year during the 
year 1757 to 1910. 
In the future, we can use the probability value to confirm whether a house exists in a certain year. 
From the equations, we calculate a probability that the house will exist in the year t. We can use this 
value combine with the demographic data to estimate if the house will exist in the year t. To solve 
this we can use fuzzy logic. 
For example, there are four houses that have been estimated in the year t. The probabilities of the 
House A, House B, House C and House D are 0.3, 0.4, 0.6 and 0.7 respectively. House A and House 
C are found in the demographic database while House B and House D are not. So, we set the value 
1 for House A and House C, while we set the value 0 for House B and House D. Then, we can use 
Fuzzy And to calculate the final value for the four houses. Finally, we set a condition, i.e. if the fuzzy 
value is larger than 0.5, it will be displayed in the map for the year t. Then, we can delete house B 
from the map, because its value is 0.4.  
A B
C D
0.3 0.4
0.6 0.7
1 0
1 0
1 0.4
1 0.7
=
Probability If in demographic 
database
and
 
Figure 8.2. Using fuzzy logic to display the house on a map. 
In general, when the maps are generated, we have to make an evaluation to test if the linear 
interpolation is good enough to use. For example, after the maps were generated, we have to use 
some sample data, such as some houses which existed in this period, to test the generated map to 
test the accuracy of the linear interpolation. However, the evaluation cannot be implemented, 
because, we don’t have any spare ground truth data to use to test the maps. We only have the four 
historical maps as the available data. So, this method cannot be used as a scientific way to analyze 
the results of this approach. However, from the visualization aspect, we can use it to simulate the 
animation. And it works well.  
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The method to symbolize the houses as squares to react the real geographic information should be 
improved. In this work, only a very basic method was used to change the style of the houses. Some 
of the point houses which were changed to squares are combined together (Figure 8.3). It is hard to 
identify the houses without the origin layer. Therefore, we have to find a way to improve this 
symbolization method. 
 
Figure 8.3. House points are presented as squares. 
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8.3 Future 
The methods used to generate the maps in the new version of SEDD Map can be further studied, 
because there are so many conditions that can be improved, such as the interpolation method and 
the use of fuzzy logic. The interpolation method can be more complex; we can improve it to spline 
interpolation or bilinear interpolation, etc. The fuzzy logic can also be set freely, in this case we just 
used a very basic way to simulate the final maps from the existing maps. 
HTML5 is designed to fit all screens, from small screen to large screens. With the hardware 
technology continually developing, wearable devices, such as Google Glass, are getting more 
popular. Some smaller screen devices will also appear, e.g. functional watch and glass equipment. 
These devices would be a new kind of platform to access web mapping applications in the future. 
So, how to present maps on smaller screens and how to facilitate interactions when browsing 
geographic data on these kinds of devices would be a new challenge for GIS developers. So, in the 
future web mapping applications should try to fit these kinds of devices.      
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9 Conclusions 
This study shows a general comparison between the commonly used web mapping programs 
and applications which are used to visualize and analyze historical demographic data. It also 
shows the method to improve the compatibility of the SEDD Map and a method to generate 
animation using four independent historical maps. 
The first aim in this study was to review the current web mapping programs and applications. 
This review revealed that the functions that a commonly used web mapping application for 
visualizing and analyzing historical demographic data required are: Interactive visualization; 
Presentation of demographic data with statistical graphics; Presentation of both geographic data 
and demographic data with animation; Basic mapping tools such as changing the background 
maps, searching tools, zoom out/in functions, export maps from the mapping application, etc. 
Most mapping applications present historical data as animation. For example, using statistical 
graphics to visualize demographic data, at the same time, presenting the geographic data on the 
screen. The demographic data and geographic data are change together. So, users can easily 
identify the changes with time varying. 
The second aim was to improve the compatibility of SEDD Map. To enable that, a new version 
of SEDD Map was implemented using HTML5. The new version of SEDD Map can achieve 
the basic functions required to visualize and analyze the data stored in the SEDD database. The 
SEDD Map new version can be accessed by both computer and portable devices using most 
browsers. The browsers which can be used to run the web mapping application are shown in 
Table 7.2. 
The last aim was to improve the visualization for presenting the four historical maps as 
animation, this work used the four historical maps as start years and end years to simulate the 
maps in between. The simulated maps are created by linear interpolation. The value that 
calculated by linear interpolation was used to set the probability that a house would exist for a 
certain year. In the animation, the value was presented by transparency of the house. Compared 
with the ArcGIS 10 time-aware layer approach, we can visualize the annually changed data. 
However, this method is only used to visualize the data, it cannot be used to analyze the data in 
a scientific way. This is because the method to generate the maps cannot be tested, as we do not 
have the ground truth data to test if a house present in a certain year did exist in reality. However, 
there is a parallel project that aims at this; when this project is finished, my method could be 
used with much better input data.  
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Appendix A - CSS file of the new version of SEDD Map  
html, body {
    width: 100%;
    height: 100%;
    margin: 0;
    padding: 0;
    overflow:hidden; 
  font‐family: Arial,Helvetica,sans‐serif;
  font‐size: 14px;
  line‐height: 20px;
  color: #666;
  background‐color: #fff;
}
.map {
  width: 100%;
  height: 100%;
    margin: 0;
    padding: 0;
}
#pie{
  position: fixed;
  top: 70px;
  left: 30px;
}
#scale{
  position: absolute;
  height:30px;
  width:20px;
  left:60px;
  bottom:10px;
  margin:0;
  opacity:0.7; 
}
#search{
  position: absolute;
  height:30px;
  left:20px;
  top:40px;
  margin:0;
  opacity:0.7;
}
#overview{
  position: absolute;
  top:40px;
}
.sedd_title{
  position: absolute;
  font‐weight: bold;
  font‐size:large;
  top: 7px;
  left: 5px;
  color: white;
  text‐shadow: 5px 5px 5px #000;
  z‐index:2;
}
.sedd_title a{
  display: block;
  color: white;
  text‐decoration: none;
}
#header {
  position: fixed;
  width: 100%;
  height: 35px;
  top: 0; 
  left:0;
  right:0;
  margin:0; 
  padding:0;
  border‐bottom: 0px solid rgba(0,0,0,0.3);
  background: rgba(88,88,88,0.5);
  box‐shadow: 0 2px 6px rgba(0,0,0,0.3), 
        inset 0 1px rgba(255,255,255,0.3), 
        inset 0 8px rgba(255,255,255,0.2), 
        inset 0 8px 20px rgba(255,255,255,0.25), 
        inset 0 ‐15px 30px rgba(0,0,0,0.3);
   ‐o‐box‐shadow: 0 2px 6px rgba(0,0,0,0.5), 
          inset 0 1px rgba(255,255,255,0.3), 
          inset 0 8px rgba(255,255,255,0.2), 
          inset 0 8px 20px rgba(255,255,255,0.25), 
          inset 0 ‐15px 30px rgba(0,0,0,0.3);
   ‐webkit‐box‐shadow: 0 2px 6px rgba(0,0,0,0.5), 
             inset 0 1px rgba(255,255,255,0.3), 
             inset 0 8px rgba(255,255,255,0.2), 
             inset 0 8px 20px rgba(255,255,255,0.25), 
             inset 0 ‐15px 30px rgba(0,0,0,0.3);
   ‐moz‐box‐shadow: 0 2px 6px rgba(0,0,0,0.5), 
          inset 0 1px rgba(255,255,255,0.3), 
          inset 0 8px rgba(255,255,255,0.2), 
          inset 0 8px 20px rgba(255,255,255,0.25), 
          inset 0 ‐15px 30px rgba(0,0,0,0.3);
  z‐index:1;
}
.right{
  float : right;
  right:0;
  margin:0;
  padding:0;
}
.menu{
  margin: 0;
  padding: 0;
  border:0; 
  width:auto;
  outline: 0;
}
.menu li {
  position:relative;
  float: left;
  list‐style: none;
  display: block;
  font‐size: 13px;
  padding: 8.5px 16px 7.5px 16px;
  border‐left:1px solid rgba(0,0,0,0.3);
  background: rgba(0,0,0,0.1);
}
.menu li:hover {
  background: rgba(0,0,0,0.5);
}
.menu li a {
  display: block;
  color: #dddddd;
  text‐decoration: none;
}
.menu li a:hover {
  color: #ffffff;
}
.menu ul {
  margin: 0;
  padding: 0;
  border:0;
  border‐radius:0 0 10px 10px;
    position: absolute;
    top: 35px;
    right: 0; 
    opacity: 0;  
  background:rgba(0,0,0,0.3);
 
    ‐webkit‐transition: opacity .3s ease .1s;
    ‐moz‐transition: opacity .3s ease .1s;
    ‐o‐transition: opacity .3s ease .1s;
    ‐ms‐transition: opacity .3s ease .1s;
    transition: opacity .3s ease .1s;
}
.menu li:hover > ul { opacity: 1; }
.menu ul li:last‐child {
    border‐radius:0 0 10px 10px;
}
.menu ul li {
    height: 0;
    overflow: hidden;
    padding: 0;
  border:0;
  background:rgba(0,0,0,0.3);
 
    ‐webkit‐transition: height .3s ease .1s;
    ‐moz‐transition: height .3s ease .1s;
    ‐o‐transition: height .3s ease .1s;
    ‐ms‐transition: height .3s ease .1s;
    transition: height .3s ease .1s;
}
.menu li:hover > ul li {
    height: 22px;
    overflow: visible;
    padding: 0;
}
.menu ul li a {
    width: 150px;
    margin: 0;
    border: none; 
    text‐align:center;
}
#box a{
    width: 150px;
    margin: 0;
    border: none; 
    text‐align:left;
}
.menu span{
  color:#ffbb00;
}
.menu span:hover{
  color:#ffffff;
}
#Verticalslider{
  position: absolute;
  height:30px;
  width:5px;
  left:20px;
  bottom:120px;
  margin:0;
  text‐align:center;
}
#button{
  position: absolute;
  height:30px;
  width:5px;
  left:30px;
  bottom:150px;
  margin:0;
  text‐align:center;
}
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<!DOCTYPE html>
<html>
  <head>
    <meta http‐equiv="Content‐Type" content="text/html; charset=utf‐8">
    <meta http‐equiv="X‐UA‐Compatible" content="IE=7,IE=9">
    <meta name="viewport" content="initial‐scale=1, maximum‐scale=1, user‐scalable=no">
    <meta name="apple‐mobile‐web‐app‐capable" content="yes">
      <meta name="apple‐mobile‐web‐app‐status‐bar‐style" content="translucent‐black">
   
    <title>SEDD Map</title>
   
    <link href="/lu.ico" rel="icon" type="image/x‐icon"/>
    <link rel="stylesheet" href="http://serverapi.arcgisonline.com/jsapi/arcgis/3.4/js/esri/css/esri
.css"/>
    <link rel="stylesheet" href="http://serverapi.arcgisonline.com/jsapi/arcgis/3.4/js/dojo/dijit/
themes/tundra/tundra.css"/>
    <link rel="stylesheet" href="/seddstyle.css"/>
   
    <script src="http://serverapi.arcgisonline.com/jsapi/arcgis/3.4compact/"></script>
    <script>var dojoConfig = { parseOnLoad: true };</script>
   
    <script>   
      dojo.require("esri.map");
      dojo.require("dojo.ready")
      dojo.require("dojo.parser");
      dojo.require("esri.layers.FeatureLayer");
      dojo.require("esri.dijit.Scalebar");
      dojo.require("esri.dijit.OverviewMap");          
      dojo.require("dijit.form.VerticalSlider"); 
      dojo.require("dijit.form.Button");
      dojo.require("esri.tasks.find");
      var map;
      var watchId;
      var graphic;
      var attributes;
      var infoTemplate;
      var visible = [];
      var layer, layer1, layer2, layer3, layer4;
      var overview;
      var scalebar;
      var featureLayer;
      var find;
      var params;
      // create the map, scale bar, overview map
      function init() {
        map = new esri.Map(
          "SEDD", 
          {
            logo: false,
            center: [13.077, 55.782],
            zoom: 13,
            basemap: "streets",
            sliderPosition: "bottom‐left",
            showAttribution: false,
          }
        );
        layer = new esri.layers.ArcGISDynamicMapServiceLayer("http://haptimap.gis.lu.se/arcgis/
rest/services/SEDD/SEDDService/MapServer/");
            map.addLayer(layer);
       
        layer1 = new esri.layers.ArcGISDynamicMapServiceLayer("http://haptimap.gis.lu.se/arcgis/
rest/services/SEDD/1757_1863/MapServer/", {
                    opacity: 0,
                });
                map.addLayer(layer1);
       
        layer2 = new esri.layers.ArcGISDynamicMapServiceLayer("http://haptimap.gis.lu.se/arcgis/
rest/services/SEDD/1812_1820/MapServer/", {
                    opacity: 0,
                });
                map.addLayer(layer2);
       
        layer3 = new esri.layers.ArcGISDynamicMapServiceLayer("http://haptimap.gis.lu.se/arcgis/
rest/services/SEDD/1860_1865/MapServer/", {
                    opacity: 0,
                });
                map.addLayer(layer3);
                
        layer4 = new esri.layers.ArcGISDynamicMapServiceLayer("http://haptimap.gis.lu.se/arcgis/
rest/services/SEDD/1910_1915/MapServer/", {
                    opacity: 0,
                });
                map.addLayer(layer4);
                find = new esri.tasks.FindTask("http://haptimap.gis.lu.se/arcgis/rest/services/SEDD/
SEDDService/MapServer/");
            params = new esri.tasks.FindParameters();
              params.layerIds = [6];
              params.searchFields = ["objectTitl","population"];
       
        dojo.connect(map, "onLoad", function Scale() {
          scalebar = new esri.dijit.Scalebar(
                  {
                     map: map,
                     scalebarUnit: "dual",
                  },
                     dojo.byId("scale")
                  );
        });
       
        dojo.connect(map, "onLoad", function OverViewMap() {
          overview = new esri.dijit.OverviewMap(
                  {
                    map:map,
                    maximizeButton:true,
                    attachTo:"bottom‐right",
                    color:"#ffbb00",
                    opacity:0.6,
                  }
                ); 
          overview.startup();
        });
       
        var Verticalslider = new dijit.form.VerticalSlider({
                    name: "Verticalslider",
                    value: 1,
                    minimum: 0,
                    maximum: 158,
                    intermediateChanges: true,
                    discreteValues: 159,
                    showButtons: true,
                    style: "height:159px;",
                    onChange: function(value) {
            if(value<55 ){           
              layer1.setOpacity((70‐value) / 56);          
              layer2.setOpacity(0);             
              layer3.setOpacity(0);
              layer4.setOpacity(0);
            }
            else if(value <103){
              layer1.setOpacity(0);           
              layer2.setOpacity((116‐value) / 48);       
              layer3.setOpacity(0);
              layer4.setOpacity(0);
            }
            else if(value <153){
              layer1.setOpacity(0);           
              layer2.setOpacity(0);         
              layer3.setOpacity((163‐value) / 50);
              layer4.setOpacity(0);
            }
            else{
              layer1.setOpacity(0);           
              layer2.setOpacity(0);         
              layer3.setOpacity(0);
              layer4.setOpacity(1);
            }
                        dojo.byId("opval").innerHTML = value+1757;
                    }
                }, "Verticalslider");
       
        map.on("load", initFeatureLayer);
       
      }
     
      function initFeatureLayer() {
        var infoTemplate = new esri.InfoTemplate(
            "${objectTitl}",
            "Population: ${population} <br/> SizeMantal: ${sizeMantal} <br/>SizeHectar: $
{sizeHectar} <br/> Property Right: ${prptyRight}"
          );
        featureLayer = new esri.layers.FeatureLayer("http://haptimap.gis.lu.se/arcgis/rest/
services/SEDD/SEDDService/MapServer/6/",{
          mode: esri.layers.FeatureLayer.MODE_ONDEMAND,
          outFields: ["*"],
          infoTemplate: infoTemplate,
          visible: false,
          opacity:0.6
          }
        );
        
        map.addLayer(featureLayer);
        map.infoWindow.resize(190, 100);
      }
      function dosearch() {
            params.searchText = dojo.byId("searchText").value;
            find.execute(params, showResults);
          }
     
      function showResults(results) {
            var result, attribs;
            var s = ["<table border=\"1\"><thead><tr style=\"background‐color:#ffbb00;\"><td>Name</
td><td>Population</td><td>AreaHectare</td></tr></thead><tbody id=\"states\">"];
            dojo.forEach(results,function(result){
                attribs = result.feature.attributes;
                s.push("<tr><td>" + attribs.objectTitl + "</td><td>" + attribs.population + "</td>
<td>" + attribs.sizeHectar + "</td></tr>");
            });
            s.push("</tbody></table>");
            dojo.byId("tbl").innerHTML = s.join("");
          }
     
      // geolocation function
      function showGeolocation() {
        dojo.connect(window, 'resize', map,map.resize);
        if(navigator.geolocation){  
          navigator.geolocation.getCurrentPosition(zoomToLocation, errorHandler);
          watchId = navigator.geolocation.watchPosition(showLocation, errorHandler);
        }
        else{
          alert("Geolocation not support!");
        }
      }
      function zoomToLocation(position) {
        var pt = new esri.geometry.Point(position.coords.longitude, position.coords.latitude);
        addGraphic(pt);    
        map.centerAndZoom(pt, 16);
      } 
    
      function showLocation(position) {
        var pt = new esri.geometry.Point(position.coords.longitude, position.coords.latitude);
        if (!graphic) {
          addGraphic(pt);
        }
        else {
          graphic.setGeometry(pt);
        }
        map.center(pt, 16);
      }
      function errorHandler(err) {
          if(err.code == 1) {
            alert("Error: Access is denied!");
          }else if( err.code == 2) {
            alert("Error: Position is unavailable!");
          }
      }
      // add the point symbol for the geolocation point
      function addGraphic(pt){
        var PositionSymbol = new esri.symbol.SimpleMarkerSymbol(esri.symbol.SimpleMarkerSymbol.
STYLE_CIRCLE, 12, 
                      new esri.symbol.SimpleLineSymbol(esri.symbol.SimpleLineSymbol.
STYLE_SOLID,
                        new dojo.Color([255, 187, 0, 0.3]), 8), 
                       new dojo.Color([255, 187, 0, 0.9])
                    );
        attributes = {"lat":pt.y.toFixed(4),"lon":pt.x.toFixed(4)};
            infoTemplate = new esri.InfoTemplate(
              "I am here!",
              "Latitude: ${lat} <br/> Longitude: ${lon}"
            );
        graphic = new esri.Graphic(pt,PositionSymbol,attributes,infoTemplate);
        map.graphics.add(graphic);
      }
   
      function clearGeolocationGraphics() {
        navigator.geolocation.clearWatch(watchId);
        map.graphics.clear();
      }
      // control the visible layers
      function Visibility() {
        var inputs = dojo.query(".list"), input;
        visible = [];
        for (var i=0, il=inputs.length; i<il; i++) {
          if (inputs[i].checked) {
            visible.push(inputs[i].id);
          }
        }
        if(visible.length === 0){
          visible.push(‐1);
        }
        layer.setVisibleLayers(visible);
      }
     
      function FLVisibility() {
        (featureLayer.visible) ? featureLayer.hide() : featureLayer.show();
      }
     
      function showHide() {
        var div = document.getElementById("PI");
        if (div.style.display == 'none') {
          div.style.display = '';
        }else {
          div.style.display = 'none';
        }
      }
     
      function TSDIV(){
     
        var tsdiv = document.getElementById("Verticalslider");
       
        if(tsdiv.style.display == 'none'){
          tsdiv.style.display='';
          layer1.show();
          layer2.show();
          layer3.show();
          layer4.show();
        }else{
          tsdiv.style.display = 'none';
          layer1.hide();
          layer2.hide();
          layer3.hide();
          layer4.hide();
        }
       
      }
      function SDIV(){
     
        var sdiv = document.getElementById("search");
       
        if(sdiv.style.display == 'none'){
          sdiv.style.display='';
        }else{
          sdiv.style.display = 'none';
        }
       
      }
      dojo.ready(function(){
          var button = new dijit.form.Button({
              label: "Play",
              onClick: function(){
                  var val = 1;
                    var one = function () {
                        dijit.byId('Verticalslider').set("value", val);
                          setTimeout(function() {
                              val = val + 1;
                              dijit.byId('Verticalslider').set("value", val);
                              if( val < 160 ){
                                  one();
                              }
                        }, 100);
                    };
                    one();
              }
            }, "progButtonNode");
      });
      dojo.addOnLoad(init);
    </script>
       
  </head>
  
  <body>
   
     
    <div id = "SEDD"></div>
    <div id = "scale"></div>
    <div id = "Verticalslider"> Year:<br>(<span id="opval">1757</span>)</div>
    <div id = "button"><button id="progButtonNode" type="button"></button></div>
    <div style = "display: none;" id = "search">
      Name:<input type="text" id="searchText" size="20" value="Hög 12"/>
        <input type="button" value="Search" onclick="dosearch()"/>
        <div id="tbl"></div>
    </div>
   
    <div class = "sedd_title"><a href="http://gisweden.com/sedd.html">SEDD Map<a></div>
   
    <div id = "header" >   
      <ul class = "menu right">
        <li><a href = "#">Layers</a>
          <ul id="box">
            <form name="layer_form">
              <li><a><input type='checkbox' checked="checked" class='list' id='0' onclick=
'Visibility();'/><label for="0">1910‐1915 House</label></a></li>
              <li><a><input type='checkbox' checked="checked" class='list' id='1' onclick=
'Visibility();'/><label for="1">1910‐1915 Property</label></a></li>
              <li><a><input type='checkbox' class='list' id='2' onclick='Visibility();'/>
<label for="2">1860‐1865 House</label></a></li>
              <li><a><input type='checkbox' class='list' id='3' onclick='Visibility();'/>
<label for="3">1812‐1820 House</label></a></li>
              <li><a><input type='checkbox' class='list' id='4' onclick='Visibility();'/>
<label for="4">1757‐1863 House</label></a></li>
              <li><a><input type='checkbox' class='list' id='5' onclick='Visibility();'/>
<label for="5">1757‐1863 Property</label></a></li>
              <li><a><input type='checkbox'  id = '6' onclick='FLVisibility();showHide();
'/><label for="6">1804 Hog Property</label></a></li>
            </form>
          </ul>
        </li>
       
        <li><a href = "#">Tools</a>
       
          <ul>
            <li><a href = "#">Navigation</a></li>
           
            <li onclick="showGeolocation();"><a href = "#"><span>On</span></a></li>
            <li onclick="clearGeolocationGraphics();"><a href = "#"><span>Off</span></a></
li>
           
         
            <li><a href = "#">Base Map</a></li>
           
            <li onclick="map.setBasemap('streets');"><a href = "#"><span>Streets</a></li>
            <li onclick="map.setBasemap('osm');"><a href = "#"><span>OpenStreet</a></li>
            <li onclick="map.setBasemap('hybrid');"><a href = "#"><span>Hybrid</a></li>
            <li onclick="map.setBasemap('topo');"><a href = "#"><span>Topographic</a></li>
            <li onclick="map.setBasemap('gray');"><a href = "#"><span>Gray</a></li>
           
            <li><a href = "#" onclick = "TSDIV();">Animation</a></li>
            <li><a href = "#" onclick = "SDIV();">Search</a></li>
           
          </ul>
         
        </li>
       
        <li><a href = "#">About</a>
          <ul>
            <li><a href = "http://www.lu.se/" target="_blank">Lund University</a></li>
            <li><a href = "http://www.ed.lu.se/" target="_blank">CED</a></li>
            <li><a href = "http://www.gis.lu.se/english/index.htm" target="_blank">GIS 
Center</a></li>
          </ul>
        </li>
       
      <ul/>
     
    </div>
   
    <div style = "display : none;" id ="PI">
    <canvas id="pie" width="200" height="100"></canvas>
    </div>
   
    <script type="text/javascript">
      var data = [61.5, 34.5,4];
      var color = ["#ffff73","#97dbf2","#94c494"];   
      // draw the pie chart and legend
      function PieChart(){  
        var canvas = document.getElementById("pie");
        var ctx = canvas.getContext("2d");  
        var startPoint = Math.PI;
        var Rstart = 30;
       
        for(var i=0;i<data.length;i++){  
          ctx.fillStyle = color[i];  
          ctx.strokeStyle = color[i];  
          ctx.beginPath();  
          ctx.moveTo(50,50);  
          ctx.arc(50,50,50,startPoint,startPoint‐Math.PI*2*(data[i]/100),true);
          ctx.rect(110,Rstart+10*i,10,5);          
          ctx.fill();
          ctx.stroke();  
          startPoint ‐= Math.PI*2*(data[i]/100);
          Rstart += 10;
        }
        ctx.fillStyle = "#000000";
          ctx.fillText("crown 61.5%",110,45);
          ctx.fillText("freehold 34.5%",110,65);
          ctx.fillText("crown/freehold 4%",110,85);
      }
   
      PieChart();  
    </script>
   
  </body>
</html>
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